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PREFACE. 



I HAVE endeavoured in the following pages to collect together 
information which has for the most part existed, but in a 
traditionary form, for many years. 

Circumstances have led to a partial break in this tradition, 
and it is no disparagement to the more modern treatises on 
nautical surveying to say that the young surveyor has no 
book to which he can refer for information on all detaOs, as 
they, confessedly, do not enter into them. 

Belcher's, the former standard work, is out of print, and in 
many ways out of date, as, though the main principles of 
chart-making must remain the same, the lapse of time and 
introduction of steam, &c., have placed many additional 
means at the disposal of the marine surveyor of to-day. 

Knowing that there are many older and more experienced 
hydrpgraphical surveyors than myself, it has been with con- 
siderable difSdence that I have applied myself during a 
period of leisure to stop the gap, and I hope my brother 
surveyors will remember that I write not for them, but for 
those young ofl&cers who wish to become acquainted with the 
practical portion of our branch of the naval profession. 

The Appendix, largely composed of reprints of tables 
either falling out of print, or scattered about in different 
works, will, it is hoped, be found to save labour and time, 
and be useful to the Surveying Service at large. 



W. J. L. Whakton. 



H. M. 8. Syltia, 

March 29(&, 1882. 
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long aays, oixen exi>enueu uiuu uie lugut, wiu suun seoiu 
monotonous, and become a bore to one whose heart is not 
thoroughly in it. 

Happily, it is a profession of volunteers, and the author's 
experience is, that in no branch of the public service can the 
juniors be more anxious to do theur duty, not only to the 
letter, but to the utmost of the spirit, and to such as these no 
day seems long enough. To them, the interest is constantly 
kept up. Every day has its incidents. The accuracy of the 
work of each assistant, when proved, is an infinite gratification 
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There is nothing mysteriously difficult in the art of Hydro- 
graphical or Marine Surveying. For the ordinary details, no 
deep theoretical or mathematical knowledge is needed; on 
the contrary, it is an eminently practical branch of the Naval 
Profession. 

An aspirant to its acquirement should have a quick eye, 
should possess the ordinary good common-sense that is 
necessary to secure success in all walks of life, but above all 
he must have a boundless capacity for taking pains in details 
at all times and seasons. 

The advice, " Surtout, point de zele," does not apply to 
surveying. Without zesl, and the utmost keenness for the 
progress of the work, the attention and interest will soon 
fail ; and the necessity for constant application throughout 
long days^ often extended into the night, will soon seem 
monotonous, and become a bore to one whose heart is not 
thoroughly in it. 

Happily, it is a profession of volunteers, and the author's 
experience is, that in no branch of the public service can the 
juniors be more anxious to do their duty, not only to the 
letter, but to the utmost of the spirit, and to such as these no 
day seems long enough. To them, the interest is constantly 
kept up. Every day has its incidents. The accuracy of the 
work of each assistant, when proved, is an infinite gratification 
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to him, and he has also the continual satisfaction of feeling 
that of all he does a permanent record will remain, in 
the chart which is to guide hundreds of his feUow-seamen on 
their way. 

For any naval officer, then, who is reaUy anxious to 
leam, the practical part of surveying will soon be mastered. 
It will quickly become a labour of love, and the con- 
stant attention and trouble necessary will be merged in the 
interest taken in the work. Thorough honesty must 
always guide him, so that nothing may appear that is not 
known to be correct. Omissions there must always be, 
but let there be no sins of commission, that pains and care 
will prevent. 

It is not of course suggested that all can become thorough 
good surveyors in all branches. One man will have a par- 
ticular aptitude for astronomical observing; another will 
have a natural talent as a draughtsman, that no efforts on 
the part of another can compete with ; and so on ; but to 
become a good practical hand is within reach of all who 
seriously are desirous of being so, and will take the trouble 
to gain the necessary experience, without which all theory 
and book-teaching will be useless. 

Inside of the broad principles of map making, marine 
surveying is made up of numerous dodges and details, for 
which there is nothing like practical exposition on the ground, 
and those who can get others to show them will need 
but little other help, but as in many cases this instructor 
will not be at hand, it is hoped that the following pages may 
sometimes supply the information required. 

It may seem to many that some points remarked on are 
too insignificant to be heeded, but those who are acquainted 
with the work will know how much time is lost by inat- 
tention to, or ignorance of, these little things, and a young 
surveyor will be a very few days at work before he finds this 
out. 

We assume our readers to have the ordinary knowledge of 
the sextant that all naval officers are taught, and that he is 
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not entirely ignorant of the first principles of making a plan 
from a base by means of angles. 

We write mainly for those who join the Surveying Service, 
and shall speak throughout as though we had the resources 
of an ordinarily fitted surveying ship at command. 

We have endeavoured to take things in the order that they 
wiU generally come in the prosecution of a survey. 

In work of the nature of Hydrographical Surveying, it is 
impossible to give directions as to how to imdertake every 
detail. Ordinary means fail now and again from exceptional, 
local, or other circumstances, and ready resource in over- 
coming difficulties is one of the most important requisites in 
a nautical surveyor. To invent or improvise a method of 
doing a particular piece of work is a most satisfactory 
achievement when successful, but it is scarcely necessary to 
say that this can only come to the most naturally talented 
with experience. 

The following pages will then not be found to provide for 
every occasion, but will only describe the ordinary and 
accepted modea of setting about work. 
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CHAPTER I. 

INSTRUMENTS AND HTTINGS. 

Sextants and Stands — ^Horizon — Theodolite — Station Pointer — Scales — 
Stndght-edgea — Chains — ^Protractors — Pocket Aneroids — ^Heliostat — 
Ten-foot Pole — ^Drawing-Boards — ^Weights — ^Transfer Paper — Paper 
— Books — Chronometers — Marks — Boat's Fittings — Lead-lines — 
Beacons. 

Errors of In preparing for any surveying work, whether in a regularly- 
^'^^ fitted surveying ship or not, the first thing is to test all instru- 



be aaoer- ments and ascertain their errors. To do the former well, it is 
necessaiy to have an intimate knowledge of the points on 
which each instrument is liable to go wrong, which is only 
thoroughly to be learnt by experience ; but a few hints will 
assist the beginner. 

A thorough acquaintance with the construction of instru- 
ments will save many an hour, lost by one whose instrument 
has gone wrong while in the middle of his work, and spent 
in fruitless efforts to make out where the fault lies. 
Ho instm- No instrument, not even engine-divided protractors, can be 
v^Mt assumed to be without error, and are seldom foimd so, and 
though those errors may be small, in some cases they are of 
importance, and no work can be deemed satisfactory without 
the knowledge of how much correction should be applied, in 
such instances as it may be necessary to do so. 
Contents of We shall therefore commence by some observations on 
Chapter, instruments, and on all materials and fittings required for 
conducting a regular marine survey, embodying in these such 
hints on using each instrument in general, as are likely to be 
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Tisefdl, and also some on choosing them that axe not mentioned 
by Heather in his work on Instruments.* 

This useful work, which should be in the hands of every HMtiLn*! 
surveyor, goes so folly into the construction of instruments, Jj^f^ 
and in most cases into the methods of ascertaining, and, as ^ 
fer as may be, correcting their errors, that we shall refer the 
reader to it on most points, adding only certain practical 
so^estions that are not therein mentioned. 

HADIaEY'8 SEXTAKT. 

It is not, perhaps, necessary to say much about the sextant, 
as so many works have already treated the subject ; but there 
are several practical points not generally mentioned, which 
may be of value in selecting a sextant with a view to the 
work of a nautical surveyor. 

Besides those noted by Heather, then, — 

1. One of the eye-pieces of the inverting telescope should 
have a high magnifying power, about 15 diameters, as 
contacts of the sun's limbs in observations with the artificial 
horizon are far easier made the larger the suns. 

2. Several dark eye-pieces should be provided, with neutral Bark qre- 
tint glass in them of different intensities. These should^ 
be fitted, not to screw on to the eye-piece, but groimd 
conical, to slip on to a similar conically groimd surface on 
the telescope eye-piece. These will be foimd very useful 
on cloudy days, as a little practice will soon enable the 
observer to substitute one shade for another in a fraction of 
a second, as clouds sweep on or off the sun, and many 
sights will thereby be saved. It is very important to have 
the sons in artificial horizon observations of the same 
brilliancy, and for this reason the hinged shades on 
the sextant should never be used for the purpose; as, 
in the first place, they introduce error, and also, if the 



* '^Mathematical Instruments." J. F. Heather, M.A. Lockwood 
and Co., London. 
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shades have to be altered to suit the varying brightness of 
the sun during the observation, the suns wiQ be of diflferent 
brilliancies, as these shades are never of the same tints. 

By using the dark eye-pieces, the up-and-down piece,* when 
adjusted to equalise the suns, will bring the axis of the 
telescope nearly exactly in liue with the edge of the silvered 
surface of the horizon-glass, which is the best position for 
observing, and from which it must never be moved until the 
equal altitudes or other observations are complete. No 
matter what depth of shade is then used by shifting the 
dark eye-pieces, the two images will be of the same tint. 

The darker the shade used the better. Beginners are very 
apt to use too bright suns. 

If in observing with the sun the observer can accustom 

himself to use one eye for taking the observation, and the 

other for reading and setting the vernier, he will find it very 

convenient, and it will tend to keep both his eyes in 

good order. 

Fodtionof 3. It is very convenient for picking up the images in 

^J!j^ * the artificial horizon, if the up-and-down piece is so placed 

puoa. as to enable the observer to look over it into the horizon- 



In many sextants the up-and-down piece is placed so close 
to the index glass that this is not possible, and regard should 
be had to this point. 

4. An extended vernier, t.6. a vernier whose divisions are 
twice the distance apart of those on the arc, will be found 
convenient for accurate observing. 

5. A steel tangent screw will be found to last longer and 
work more evenly than a brass one. 

The methods of ascertaining the index and other errors of 
Hadley's sextant, and correcting them, are so fuUy entered 
into by Heather, that they are here omitted, with the exception 
of the following : — 



* The up-and-down piece of a sextant is the portion that bears the 
liar for the telescone. 



collar for the telescope. 
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To find the error caused by the refraction, through non- Xnon of 
parallelism of the sides, of the coloured shades. JjJJgJ 

Measure the diameter of the sun, with different combinations 
of the shades. Take out the pin which supports one set of 
the coloured shades, and replace the shades reversed, so that 
the face before next the index glass is now away from it. 
Bemeasnre the diameter of the sun with same combinations as 
before, and half the difference of the measurements of each 
set will be the error due to the shade reversed. 

These errors can be neglected in sea observations, and if 
coloured eye-pieces are fitted as recommended above, the 
shades are not required when the artificial horizon is made 
use of. 

SOUJEdDINp* BEXTAKT. 

This useful form 6f ses^ant is made of various sizes. It 
chiefly differs from the observing sextant in being generally 
lighter and handier, in having the arc cut only to minutes, 
and having a tube of a bell shape so as to include a larger 
field in the telescope. 

The graduation of the arc should be plain enough to read 
without a magnifying glass. 

The measurable angle should be as large as possible, ix. 
about 140° 

The index glass should be large, so as easily to pick up 
objects. 

The telescope should be of a high magnifying power and Good tabo 
clear definition. ▼ n* •. 

Those supplied by the makers are sometimes very good, 
but when using a 'sextant for triangulation, as from a ship 
aloft, a still better glass is a great boon. The writer has 
found that a tube of an ordinary field binocular (dismembered 
for the purpose) fitted to a sounding sextant, has been of 
inestimable service, and enabled many objects to be seen, 
which, with the ordinary telescope, were quite invisible. 

All angles in the frame of the instrument should be 
rounded off, especially that at the zero end of the arc. 
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Cionsiderable injuries may resiilt to the face of the observer 
when using the sextant in a boat in a lively sea, if this is not 
done. 



BB-BILVEBINa MIBBOBS. 

On service, the mirrors of sextants, especially sounding 
sextants, frequently get dimmed by damp, and the surveyor 
must be able to resilver them himself. 

A supply of tinfoil, of good quality, for this purpose, is one 
of the necessary stores. Mercury is always to be had. The 
operation Ijas been frequently described, but it is, perhaps^ 
better to repeat it. 

Take a piece of tinfoil, a little larger than the glass to be 
silvered, and smooth it out on a perfectly flat surface, as 
a sheet of plate glass, or a thick smooth book-cover. This 
smoothing ccm be well done by a little pad of chamois 
leather, which can be kept for the purpose, or by the 
finger. 

Drop a small bubble of mercury on to the foil, and by 
gentle rubbing with the pad, spread it over the former so that 
it shows a bright surface. Pour mercury on until the piece 
of foil is quite flidd, and brush any large spots of dross 
lightly ofi£ Lay a piece of dean paper, long enough to 
handle easily, on the mercury, and the glass, previously 
well cleaned by means of spirits of wine, on the paper. 
Pressing on the glass with one hand, withdraw the paper 
with the other, slowly and steadily, and a pure surface 
will appear under the glass, the dross aU coming away with 
the paper. 

Incline the book, or whatever surface we have been work- 
ing on, so as to let superfluous mercury run off, placing 
strips of tinfoil at the lower edge to assist in sopping this 
up. 

After from twelve to twenty-four hours, the amalgam will 
be dry, and firmly adhering to the glass. Cut the edges 
carefully round with a sharp knife, and varnish lightly over, 
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either with the clear stuff used by the instrument makers, or 
with varnish that can be made on board, by dissolving seaUng- 
wax in spirits of wine. 

The glasses of some sextants seem fitted on purpose to 
invite the damp to penetrate between glass and silvered 
surface. These will want protection by sticking thin strips 
of paper along the edges exposed, and well varnishing. In 
some cases a stopping of thick amalgam, placed between the 
glass and the frame at the back, where there is one, will 
answer well, and prevent any damp getting at the back of 
the glass at all. 

The mercury which remains will contain tinfoil in amal- Amalga- 
gam, and is useless for any other purpose but silvering, but "*•*•* 
to avoid waste it should be preserved in a bottle by itself, 
draining off the thick of the amalgam by a sharply twisted 
paper funnel It can then be used again for resilvering. Care 
must be taken not to allow any of this to get into the 
artificial horizon bottles, as the smallest quantity of it 
will spoil a whole bottle of pure mercury, and the amalgam 
can only be removed by evaporation. 

Notwithstanding, mercury containing tin in amalgam can 
be used for artificial horizon work, by carefully sweeping the 
sutfiace after it is poured out, with a piece of paper. Some 
observers have gone so far as to prefer amalgamated mercury 
for this purpose, but we do not agree. 

In resilvering an horizon glass, only the portion required Horiion 
should be operated on, leaving one haK clear. The edge of ^^■"•" 
the foil must be sharply and smoothly cut before applying 
the mercury, and not the smallest nick or cut permitted to 
remain in it. 

SEXTANT STAND. 

Though a practised observer will get good observations in 
an artificial horizon, with a sextant without a stand, he will 
get them far better with one, and in all work where accuracy 
is aimed at, a stand should be used. 

Unsteadiness of hand, which all are so liable to, from 
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previous exertion, indisposition, and many other causes, is 
put out of the question by using a stand. 

With star observations this is especially the case, as it is 
extremely diflBicult to hold the instrument in the hand 
firmly enough to prevent a little vibration of the images. 

Sextant stands should be lacquered, not bright, and should 
have large heads to the foot screws, so as to be grasped easily 
while observing. 

The bearing which carries the sextant should be accuratdy 
fitted into the socket in the handle, and should be very 
slightly conical. If too much so, it is liable to jam. 

The counterbalances are usually too heavy for an ordinary 
sextant. They should be of such a weight as to balance the 
sextant without the screws at the ends of the pivot being set 
up too taut. Sometimes one weight is enough, or as much 
lead can be taken out of each as is necessary to reduce the 
weights to balance. 
Stools for Small three-legged stools about 14 inches high, on which 
to place the sextant stand, should be made, and it will be 
found convenient to sink hoUows in the top to correspond 
with the three foot screws to prevent slipping. 

Other little hollows sunk in the top for the spare dark eye- 
pieces to lie in, wiQ also prevent these falling off, and by 
placing them in regular order, any one can be at once picked 
up without delay, when it is requisite to change them. 

Another similar stool for the observer wiQ make him 
comfortable, a great point for good observing. 

ABTIFIGIAIi HOBIZON. 

The glass in the roof should be of the best quality, and 
the faces of each pane accurately parallel. 

A wooden trough to place inside the iron one is a con- 
venience, as it raises the level of the mercury up to the 
height of the lower edge of the glasses in the horizon roof, 
a consideration where low altitudes have to be observed. 
The reduced area of mercury will not matter when observing 
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the 8im. "When taking stars, the iron trough only shonld be 
used, as stars are more difficult to pick up, and its larger area 
will facilitate operations. 

Three short wooden legs or buttons, fitted to the iron 
trough, will enable it to stand steadier on uneven ground 
than the four projections usually cast on the under side. 

In connection with this, an artificial horizon stand is very hoiuoh 
useful. This consists of two iron plates; the lower one ■*•"*• 
has three short legs on which it stands firmly; the upper 
one is pierced by three long large-headed screws, which serve 
as l^B and fit into slight hollows on the lower plate. By 
adjusting these, the horizon laid on the upper plate can be 
levelled, when we have uneven ground. Four iron battens, 
screwed on to the upper plate so as just to permit the horizon 
roof to fit inside them, will prevent any wind getting to the 
mercury. 

The horizon cover should be marked at one end, or side, Hark on 
and this mark should in most cases be in the same position ^^'' 
with regard to the observer. Of this more is said under 
" Observations." 

THEODOIiITiL 

The less a theodolite is tampered with by unpractised 
hands the better, but they must be adjusted from time to 
time, and little things are constantly wanting attention. 

The adjustments are well described by Heather, but as it 
is very important to know them, they are here given, in case 
the former work should not be at hand. The adjustments 
are — 

1. Adjustments of the telescope, viz., for parallax and for 
coUimation. 

2. Adjustment of horizontal limb, viz., to set the levels on 
the horizontal limb to indicate the verticality of the azimu- 
thal axis. 

3. Adjustment of the vertical limb, viz., to set the level 
beneath the telescope to indicate the horizontality of the 
line of collimation. 
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Commence operations by setting up the theodolite as level 
as you can by eye, by moving the legs. See that the legs 
are firm, and everything tight. Set aU levels as true as you 
can, by the parallel plate screws and vertical arc tangent 
screw. 
Adjust- Parallax is occasioned by the image formed by the object- 
Sf ^n^ glass not falling exactly on the cross-wires. 

First adjust the movable eye-piece imtil the cross-wires 
are sharply defined. Then obtain the proper focus for the 
object by moving the milled head on the telescope. 

This will throw out the image of the cross-wires, and the 
eye-piece must be again adjusted, until cross-wires and 
object are both truly in focus. 

This has to be done each time the theodolite is set up, and 

is therefore only a temporary adjustment. The others are 

more permanent. 

Adjnit- CoUimation is eflTected by directing the telescope on some 

cSSi^ well-defined point, and bringing it to coincide with the 

tion. intersection of the wires, with the level downwards. 

Turn the telescope in the T's, until the level is uppermost. 
If the object is stiU at the intersection of the wires, the 
coUimation in altitude is correct. 

If not, bring the wires half way towards the object by 
turning the screws holding the diaphragm. Then re-set the 
telescope by the tangent screw for the object, and bring the 
telescope round in the Y's to its former position, when any 
displacement still existing must be corrected in the same 
way, half by the diaphragm screws, and half by the tangent 
screw. After a few trials the error should be corrected. 

Do the same with the telescope with level right, and level 

left, at right angles to its former positions in the Y's, for 

azimuth error. When this is done, the cross-wires, while the 

telescope is slowly revolved, should remain over the object. 

AcUnst- * The collar being tightened by its clamping screw, unclamp 

°^^^^^ the vernier plate, and tui^i it round till tiie telescope is over 

Ijmb. .— 
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two of the parallel plate screws. Bring the bubble of the level 
beneath the telescope to the centre of its run by turning the 
tangent screw of the vertical arc. Turn the vernier plate 
half round, bringing the telescope again over the same pair 
of the parallel plate screws ; and, if the bubble of the level 
be not still in the centre of its run, bring it back to the 
centre, half way, by turning the parallel plate screws over 
which it is placed, and half-way by turning the tangent 
screw of the vertical arc. Eepeat this operation till the 
bubble remains accurately in the centre of its run in both 
positions of the telescope; and then turning the vernier 
plate round till the telescope is over the other pair of 
parallel plate screws, bring the bubble again to the centre of 
its run by turning these screwsf. The bubble will now 
retain its position, while the vernier plate is turned com- 
pletely round, showing that the internal azimuthal axis, about 
which it turns, is truly vertical. 

The bubbles of the levels on the vernier plate being now, 
therefore, brought *to the centre of their tubes, will be 
adjusted, to show the verticality of the internal azimuthal 
axis. Now, having clamped the vernier plate, loosen the 
collar, by turning back the screw, and move the whole in- 
strument slowly round upon the external azimuthal axis, 
and, if the bubble of the level beneath the telescope main- 
tains its position during a complete revolution, the external 
azimuthal axis is truly parallel with the internal, and both 
are vertical at the same time ; but, if the bubble does not 
Tnaintrfiin its position, it shows that the two parts of the axis 
have been inaccurately groimd, and the fault can only be 
remedied by the instrument maker. 

To adjust for the vertical Umb, the bubble of the level A^Jnit- 
being in the centre of its run, reverse the telescope, end for yertlcal 
end, in the Y's, and if the bubble does not remain in the same Umb. 
position, correct for one half the error by the capstan-headed 
adjusting screw at one end of the level, and for the other half, 
by the vertical tangent screw. Repeat the operation till the 
result is perfectly satisfactory. Next turn the telescope 



14 



HYDROGRAPHICAL SURVEYING. 



CHAP. I. 



A^Jvit- 



▼ertioal 
plAne. 



Points 
liable to 
derange- 
ment 



round a little, both to the right and to the left, and if the 
bubble does not still remain in the centre of its run, the level 
must be adjusted laterally by means of the screw at its other 
end. This adjustment will probably disturb the first, and the 
whole operation must then be carefully repeated. By means 
of a small screw, fastening the vernier of the vertical limb to 
the vernier plate over the compass box, the zero of this 
vernier may now be set to the zero of the limb, and the 
vertical limb will be adjusted for horizontality. 

The vertical limb should move in a truly vertical plane. 

Any error can only be adjusted in the larger instruments, 
but every theodolite must be tested for it, as, if much error 
exists, the instrument requires alteration by the maker. It 
will introduce error into all angles to objects much elevated 
or depressed, and it is especially important for observations 
for true bearing to know that this adjustment is perfect. 

To test it, direct the theodolite when horizontal to either 
the edge of a well-built wall, or still better, a steady plumb- 
line. The cross-wires, when the instrunlent is elevated and 
depressed, should still intersect the line. 

If they do not, in 6-inch theodolites, the adjustment can 
generally be made by means of screws on one of the Y frames. 
In smaller theodolites we must accept the error, and take 
care not to use them for true bearings. 

These adjustments completed, the instrument will be ready 
for work. 

There are, however, a variety of small points on which a 
theodolite may go wrong while away in the field, and a know- 
ledge of the general causes of these temporary derangements 
is very useful, and may prevent loss of a day's work, and 
much aggravation to all concerned. 

The parts of a theodolite, especially in an old instrument, 
that most frequently get out of order, are the small screws 
which hold the milled heads of the tangent screws in their 
places. A young observer is often much bothered* and 
puzzled by his instrument not coming back to zero, which 
may result from many things, but most frequently from one 
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of the small screws above mentioned being loose. Screwing 
it up tight enough to prevent any play when the instrument 
is clamped, but not so tight as to make the tangent screw 
work hard, will often remove the difficulty. 
Other causes of not coming back to zero are : — 

1. Looseness of the sockets through which the tangent 
screws work, and which can be easily tightened by their screws. 

2. Looseness of the fittings of the brass stand on the 
theodolite legs. There are many working parts here, and any 
of them are liable to get loose. The leverage on the brass 
plate that fits on each leg head is enormous, if the leg should 
be allowed to swing out in taking off the rings ; and as the 
screws that hold them on are small, looseness may easily 
take place here. 

3. In an old instrument, the faces of the clamping plates 
may screw close together without clamping the instrument 
tightly. This is from the part that holds the instrument, and 
which gets all the friction, being much worn. The parts into 
which the clamping screw fits must be smoothly filed on 
their inner faces, so as to ensure the other parts coming into 
contact with the body of the instrument, before the faces of 
the clamping plates meet. 

The upper plate will sometimes not revolve freely, but 
catches every now and then. This is from the piece of metal 
which clamps the two plates together either not fitting very 
well, or being dirty inside, or perhaps bent. Placing the 
finger underneath so as to press it up to the lower plate, 
whenever the plates are to be revolved, will ensure its work- 
ing smoothly, and is a better thing for a young hand to do 
than to attempt to take it off. The same thing will happen 
to the reading-glass plate ; but here it is often the little screw 
underneath which is loose, and simply screwing it up will re- 
lieve it. Lifting it with the finger will always assist it to run 
round easily. 

An operation the nautical surveyor has frequently to per- Cutting in 
form is replacing the wires, or rather cobwebs, of his theodo- a«w welw. 
lite telescope. 
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For this purpose catch a garden spider, as a house spider 

does not spin his rope taut enough. Having cut some holes, 

say two inches square, in a strip of cardboard about three 

inches wide, place the spider on it, and shake him off. As 

he throws out his web in falling, twist it up on the cardboard 

so as to cross the holes, and lay it on one side. 

XMaazing Having taken the diaphragm from the telescope, and 

^irOie scraped off the old balsam, lay it on the table and place the 

theodolite, smallest drop of Canada balsam on its edges. With the aid 

of a magnifying glass, place the cardboard across it, in such 

a manner that the web will lie in the notches cut in the 

diaphragm, when it will adhere to the balsam. 

Heather giVes a good description of measuring angles with 
the theodolite, to which we will add, that, 

Kegard must be had to the purpose for which the angles 
are to be taken, in settling how many times, and in what 
manner, the angles shall be repeated. An error of two 
minutes will make no perceptible difference when plotted, 
unless the line be very long, say five feet. All objects, 
therefore, that are simply to be plotted, and do not come 
into the triangulation, can be taken round once with zero at 
360°, and a second round taken after with another zero, say 
100° for convenience sake, simply for the purpose of making 
sure that there are no gross errors, as no theodolite in 
adjustment should give an angle in error as much as two 
minutes. 
Bepeating Angles to main stations, however, will be very likely 
required to enter into the calculation, and the correctness of 
the plotting will any way depend on them. These must there- 
fore be repeated, the number of times varying according to 
the degree of accuracy required. 

One method of repeating angles is thus given in Heather, 
somewhat altered. 

'in* Having taken the first measurement, loosen the clamp of 

uetuOvL* 

the lower plate, turn the theodolite bodily round imtil the 

telescope is directed upon the zero-object, and again clamping 

the instrument, perfect the bisection of the zero by the cross- 
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wires by means of the slow-motion screw on the neck of the 
instniment. The index of the vernier, together with the co- 
incident division of the limb, will thus have been brought 
from the position in which it was when the telescope pointed 
at the object to be measured, round to the previous position 
of the 360°. 

Now release the upper or vernier plate (looking again at 
the vernier first to see it has not been moved), turn it until 
the telescope is again directed towards the object, clamp and 
perfect the bisection by the tangent screw moving the upper 
plate. The reading now on the vernier will be twice that 
formerly read ofl^ or nearly so, and will be entered in the 
book under the former observation. This process can be 
repeated as often as required. The mean angle can be 
obtained by dividing the last reading (increased by as many 
three hundred and sixty degrees as the plate has revolved) by 
the number of observations, but it is better for our purposes 
to put down each individual reading. The difference between 
every two consecutive readings will give a value for the 
angle, and we can then see how they agree with one another. 
An example of this kind of repeating is given on page 72. 

The above method is perhaps the most accurate ; but, when 
many angles are to be taken, requires much time, and we shall 
arrive at a conclusion quite near enough for any hydrographi- Second 
cal tiiangulation by taking all the angles in succession with "•**"**• 
the vernier set to 360°, and then, changing the degree of the 
zero to some even number, as 100°, 200°, take all objects 
again, repeating thus as often as necessary, which will be found 
much qtdcker. The other method can be reserved for taking 
single angles, as, for example, a flash from a distant station. 

If both verniers are read, any error arising from bad Beading 
centering should be eliminated fot any given position of^^j^^^^^ 
the plates ; but tins depends on the zeros of the two verniers 
being precisely in a line, and as a theodolite sees service and 
gets worn, this adjustment becomes frequently imperfect, and 
the value of the sum of the readings of the two verniers is 
considerably diminished. 
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For practical hydrographical purposes if one vernier is read, 
with the zero in several positions, it is as a rule sufficient. 

Different to the sextant, the theodolite has no index error 
to apply to horizontal angles, but to the vertical arc there is 
a correction to be found and applied, which will be mentioned 
in discussing the method of ascertaining heights. 
Coloiiz«d A theodoHte for hydrographical purposes should be fitted 
^Jj^ with coloured shades to the eycrpiece of the telescope for 
observing the sun for true bearing. 

STATION FOINTEB. 

This useful instrument is of hourly service in nautical sur- 
veying. 

Either in sounding, coast-lining, or topographical plotting, 
the position of the observer depends mainly on it. 
Theory of The station pointer is used to plot a position on the chart, 
PoteStt. ^y means of angles taken aJt it, to other objects already fixed. 
Its construction depends upon the fact that the angles sub- 
tended by the chord of the segment of a circle measured from 
any point in the circumference, are equal. (EucM III. 21.) 




Thus, in the figure, the angles ACB, ADB, AEB are 
all equal, so that if we have observed the angle subtended by 
A B, we know at any rate that we are somewhere on the cir- 
cumference of a circle, the size of which depends on the angle 
observed. 

To draw this circle, we take advantage of the fact that the 
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angle at tihe centre of any s^ment is double the angle at the 
drcnrnference. (Euclid III. 20.) We lay off, therefore, 
from either end of the line whose subtended angle we have 
obs^ved, the complement of the angle. The point where 
these lines meet is the centre of the circle, which we describe 
with the distance from this centre to either end of the line, as 
a radius. 

Thus if our observed angle is 64*^, we lay off A G, B G 
each maldng an angle of 26° with AB, and describing the 
circle with centre G and radius A G or G B, we get the circle 
we want, for AGB = 180° - (B AG + GB A) 
= 180° -•52° 
= 128°. 

Andas AGB = 2 AEB, 
the angle AEB and all other angles on the circumference 
win be 64° 

If the angle observed is more than 90°, we describe the 
circle by laying off the number of degrees over 90°, on the 
opposite side of the line to that on which we know we are, 
and proceed as before. 

If we can obtain, besides the angle subtended by A B, the 
one subtended by B H, another line, one of whose ends is 
identical with A B, we can draw another circle on whose cir- 
cumference we must also be, and the iatersection of these 
two circles must be our exact position, as it is the only one 
from which we could have obtained these two angles at the 
same time. 

See Figure 2 (page 20). 

The station pointer obtaiiis us this position X without the 
trouble of drawing the circles, as it is manifest that, if we 
have the angle A X B on one leg of the station pointer and 
B X H on the other, the only spot at which we can get the 
three legs to coincide with the points A, B, and H, will 
beX 

We place the station pointer, therefore, on the paper, bring- 
ing the chamfered edges of the three legs of the instrument 
to pass over the three points observed, and make a prick with 

o 2 
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a needle in the nick in the centre, which will then mark 
the spot. 

A piece of tracing-paper on which the three angles are pro- 
tracted wiU answer the same purpose, but, of course, this will 
entail more time, and in the open air will give trouble, as 
liable to be blown about by the wind. Nevertheless, this has 
often to be used, as when points are close together on a small 
scale, the central part of the station pointer will hide them, 
and prevent the use of the instrument. 
Poiitioii of A further consideration of the system of two circles will 
show that the more rectangular the intersection of the circles, 
the less chance there will be of any error in fixing the posi- 
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tion. This depends upon the position of the three points with 
regard to one another and the observer. 

Let us take three points placed as A B H in Rg. 3. 

The angles we have observed give us X as the point of 
intersection. It is evident that it is difficult to localise this 
point exactly, as the circles so nearly coincide as make it im- 
possible to say where the precise point is at which they inter- 
sect, and, with the station pointer, we should find that we 
could move the centre of the instrument considerably, without 
materially affecting the coincidence of the legs with the 
three points. 

When H is so placed as to fall on the circle A X E B, there 
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will be no intersection whatever, as the two circles will coin- On the 
cide ; and we cannot tell where we are on the circumference ^'^^ 
of this practically single circle. 

The nearer, therefore, we are to being on a circle, whose cir- 
cumference will include all the three points and our own 
position, the worse wiU be what is tecWcally called the " fix," 
aad this must always be guarded against in selecting objects 
to observe. 

When one object is farther from us than the central one, 
we shall, as a rule, have a good fix ; but when the central ob- 

FIG3. 




ject is the farthest, the two circles will begin to make a bad 
intersection. 

Therefore, as a practical rule, never observe objects of 
which the central one is most distant, unless it is so much 
fartlier distant than either of the others, and so placed as to 
put you wdl outside the circle, in which case the fix will be 
just as good as though the central object were the nearest. 

When moving along, as when sounding, and fixing from 
time to time ; if both angles change slowly, the fix will be 
bad, for we must be moving nearly along the circumferences 
of both circles, and they must therefore nearly coincide. 

In plotting the angles with the station pointer, the fix will 
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be good, if a very slight movement of the centre of the instni- 
ment throws one or more of the points away from the leg ; but 
if this can be done without disturbing the coincidence of the 
legs and all three points appreciably, the fix is bad. 

Theoretically, the best position is inside the triangle formed 
by the objects, but in practice it is often impossible to observe 
the large angles incidental to this position. 
Site of The size of the angles admissible in a good fix depends on 

SSia*' ^® position of the three objects. If two objects are equi- 
distant, the angle must not be small, for a slight error in the 
angle will make a great difference in the position ; but if one 
object be much farther off than the other, a very small angle 
between^ these wiU suffice, so long as the third object is so 
placed as to make a fairly large angle. 

An arrangement of the objects not yet considered, is when 
two of them are in line from the observer's position. 
•* Points •» This is technically called " transit," and no transit of known 
marks is allowed to take place without making use of it. 

One angle to a third object is here enough to fix the posi- 
tion, which is one advantage, another being that if two angles 
are taken and placed on the station pointer, the coincidence 
of the position, as platted by these two angles with the transit 
line, gives an excellent check. 

Here, Fig. 4, A and B are in line or transit (^) ; H is a 
third object. 

It will be evident that when the observed angle is on the 
station pointer, and the latter is placed with one leg coin- 
ciding with the line A B, that we only have to move it up or 
down that line, until H coincides with the other leg, which 
gives us X. Any other position, as Xj, would not allow the 
leg to pass over H. 

It will also be seen that the farther apart A and B are, the 
truer will be the direction of the transit line. If one object 
was at Bi, the position pricked through at X might be a little 
right or left of the true transit line, without the deviation be- 
ing visible on the leg of the station pointer. 

Also, it will be seen that the angle to the third object should 
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be as near 90° as possible, anything under 25° being inad- 
missible, as the angle of intersection at X wonld permit of a 
false position without detection. 

In choosing a station pointer, of which instrument Heather Ohooiing a 
gives but a meagre account, the first important thing to look p^Jw. 
at is that the smallest angle to be reld on the leg which will 
not come to zero, is as small as it should be. A well-planned 
station pointer should allow this leg to return to 12° or even 
less, but no instrument which will not read 17° should be 
bought. 

It is a great nuisance to find that the only angles you can 
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take, cannot be plotted by means of your station pointer, and 
the chance of this should therefore be minimised as much 
as possible. 

Station pointers are made with brass, and with silver arcs ; 
the latter are of course more durable, but for many purposes 
the brass are to be preferred. When sounding, or doing any 
work in the open, the reflection from a silver arc is often a 
bother, and hinders speedy setting of the vernier. The use of 
a reading-glass is almost a necessity with silver arcs for this 
reason, and also on account of the fineness of the cutting ; 
whereas, with the brass arcs, a surveyor with good eyes can 
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set his instrument quite correctly without one, a great point 
in a boat. 

For chart-room use the silver arc is to be preferred. 

Station pointers are generally made so as to allow the left 
leg to come back to 0°. It does not, of course, matter which 
leg does this in any fcdividual instrument, to an officer 
detached, who will only have one with him ; but in fitting 
out a ship with several station pointers, some should be 
chosen with the small angle on the other leg, so as to admit 
of any pair of angles being plotted in the chart-room con- 
veniently. 

The nick in the centre of the instrument should be small, 
i.e. just deep and wide enough to admit of a needle fairly 
catching in it. The needle-pricker should always be used for 
marking the position ; not a pencil-point, which soon wears 
blunt, and wiU not mark truly in the centre. The prick also 
remains, and can be seen under the figure with a reading- 
glass, when inked in. 

For ordinary soundings and field work, a station pointer of 
about 5 inches diameter of arc is most convenient. For ship 
sounding and chart-room work, larger ones are suppUed. 
Tasting a In testing a station pointer, the first thing is to see that the 
JJJ^ vernier of the leg which comes back to zero, reads exactly 0°, 
using a magnifying-glass to read off accurately. If it does not, 
the screws which hold the vernier must be loosened slightly, 
and the vernier plate moved, until the arrow on the vernier 
corresponds exactly with 0° of the arc, and the 30' on the 
vernier with a division of the arc. 
Tasting Take either a large sheet of backed paper, or a white Bristol 
board, and mark out, by means of chords, lines radiating fix)m 
a centre, and 10° apart. These lines must be very carefully 
ruled, and in Indian ink, as this sheet must be kept as the 
test of all station pointers and protractors, which should be 
from time to time examined by its means. Screwing on the 
lengthening legs, and placing the station pointer on this sheet, 
with the nick in the centre of the arc corresponding exactly 
with the prick in the centre of your testing circle, and putting 
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weights on the central part of the station pointer^ each leg 
can be in turn moved to correspond with the ruled 10° lines, 
and the reading of the vernier compared. The error at each 
10° should be written on a small piece of paper in the form 
of a table, and pasted on the inside of the box. 

If the legs of the instrument are exactly centred, the readings 
win either be correct, or the same amount in error all round, 
for each leg ; but as this is a degree of delicacy rarely attained, 
it wiU usually be found that the error varies for different 
positions of the leg. The verniers should be set to minimise 
the errors between 0° and 90°, which is the amoimt of angle 
most used in actual work. 

The chamfered edge of the leg and lengthening piece should 
correspond exactly with the line in all its length ; if it does 
not, it is also a result of bad centring or bad fitting on of the 
lengthening piece, but a good instrument should not have 
this error in any appreciable extent. 

It need scarcely be added that if the instrument is found 
very badly centred, it should be returned to the maker, or 
not be chosen if buying ; but when an instrument is sent to the 
other end of the world, you may have to make the best of it, 
and registering all the errors on the table, be careful to 
apply them when using the instrument. 

The necessity for applying a small error depends upon cir- BiMretum 
cumstances, as in some cases, the position of the points used j^^ing 
will admit of a difference of several minutes in the angle, •Rozi. 
without any appreciable alteration of the position of the ob- 
server ; in others, it is necessary to be exact. As the surveyor 
gains experience, he wiU learn when to apply the error, and 
when not. At the commencement, he must always apply 
the error. 

It xnay here be noted, that, if the points used to fix by oaation u 
are not correctly placed on the chart, the station pointer Jj^^®' 
will not indicate anything wrong, mdess a third, or " check " ToiaXm. 
angle, he taken and plotted. This must always be remembered 
in using a station pointer on a published chart, or the adop- 
tion of this instrument may have a disastrous result. 
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In the first place, the chart may be from a rough survey, 
and there may be absolute errors in the points on it ; and 
secondly, the distortion caused in printing with damp paper 
always changes the position of points more or less, and with 
objects in certain positions, this alone may make an error in 
a station pointer fix. 

In navigating, therefore, with a published chart, always tcse 
hearings, as well as the sextant angles plotted by station 
pointers, or v^e check angles to each fix. If the result is to 
show that the points are not correct relatively to one another, 
use the compass only, as it is less likely to get you into 
trouble with a defective chart, for the reason that the non- 
intersection of three bearings will at once indicate something 
wrong, and the navigator will choose the points of danger in 
his course ahead to steer by, rejecting the others whose posi- 
tions with regard to him are of little moment. 

BBA88 BCAIiEa 

These must be examined by means of the beam compasses, 
to see that their divisions are correct, more especially the 
diagonal portion, as the makers are sometimes not careful 
enough. If a scale is foimd to vary, it should be rejected. 

A brass scale should never be used for ruling, and never 
taken out of its box. If it is, some day it will fall from 
the table, get bent, and its correctness is gone. 

BTEEIj EnrRAIGHT-EDGB. 

This must be examined to see if its edge is exactly straight, 
by ruling a very fine line, and reversing the straight-edge, 
when either ruling another line over the first, or examining 
the coincidence of the edge with the line already ruled by 
means of a reading-glass, will prove whether it is perfect. 

Placing steel straight-edges edge to edge is another method 
when there are more than one ; but great care must be taken 
with regard to the light if this is done, as it is difficult 
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to detect a small error if the light falls across. They ought, 
of course, to touch throughout tieir whole length. 

A steel straight-edge must be kept very clean, and care- 
fdlly wiped before using, or the paper will soon become 
very dirty. 

K kept bright, care must be taken that no emery is allowed 
to touch the chamfeied edge, or it will get so sharp in time as 
to cut the pencil, and even the fingers of the operator. When 
once clean, rubbing daQy with a warm diy soft cloth will 
keep it so, with an occasional rub of elnery in damp 
weather. 

MSA8XTBING CHAINa 

To test measuring chains, which are generally 100 feet long, 
a hundred feet should be accurately measured along a plank 
of the upper deck, and marked by nails driven in. 

Before measuring a base, all the links of the chains should Alwaji to 
be examined, and bent ones straightened ; the chains are then Jj^^ 
compared with this fixed length and the errors noted. The wheniued. 
same reference should be made after measuring, and the 
mean of these errors appKed to the distance measured. 

It may be as well to note that, when the chain on com- 
parison proves to be longer than 100 feet, the surplus is to be 
added to each length measured, and when it is shorter, sub- 
tracted. 

The length is to be measured from the ovier side ofpomtsof 
one handle, to the inrieT side of the other. This is to allow JJJJJ"*" 
for the necessity of having a pin to put in the ground at 
each length. 

Each link is a foot long, and every tenth link is marked by 
a brass label, with as many fingers on it as there are tens of 
feet from the nearest end. 

FBOTBACTOB& 

Protractors of all kinds must be tested for correctness of 
division by the same testing-sheet ruled for the station pointers. 
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This is especially necessary in the case of Bullock's 
protractors, which have extended arms, generally of veiy 
light construction, which a slight blow will bend out of the 
direct line. These sometimes admit of correction by means of 
screws, which is easily accomplished by placing the protractor 
on the testing-sheet, with the opposite verniers exactly coin- 
ciding with the same line, and adjusting the extending points 
untU. they also prick precisely on the line. 

If the divisions of an ordinary protractor are found to be 
incorrect, there is of course nothing for it but either to return 
it to the maker to be re-cut, or to mark the errors at each ten 
degrees, or wherever necessary, on small bits of paper pasted 
on the protractor. 

A boxwood or vulcanite protractor is easily kept clean by 
rubbing it over with a piece of india-rubber, but a brass or 
electro-plated one is very apt to dirty the" paper in plotting. 
It is a good plan to carefully paste a piece of tracing-paper 
on the under-side of these, when a rub with the india-rubber 
before use will insure cleanliness. The thinness of the tracing- 
paper will not interfere with correctness in laying off the 



Vulcanite protractors are admirable for field work, as they 
are light, easily read, and, when made thick, do not chip like 
boxwood ones. 

POCKET A17EBOID BABOMETEBS. 

These are very useful when putting in the topography of 
a country, as they give sufficiently accurate results for minor 
heights, with but little loss of time ; but for the more exact 
measurement of conspicuous hills, &c., they are but of little 
use, and the theodolite and sextant must be had recourse to. 

In choosing a pocket barometer for the above-named 
service, therefore, it is not necessary that it should read very 
low, as it will be but rarely that nautical surveyors have 
to deal with the intricacies of land over a few thousand feet 
high. For tliis purpose, 25 inches is quite low enough, and 
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the five inches of barometric range thus obtained can be 
so largely marked on the dial, as greatly to facilitate the 
reading to two places of decimsds. 

An important point for delicate reading is the construction indoz 
of the index needle. This should be very thin towards the ^••^•' 
point, and turned with its edge at right angles to the 
plane of the dial. In this position it should admit of very 
accurate reading, and moreover assists the observer to hold 
the instrument at right angles to his line of sight, and 
thereby to avoid parallactic errors. For this reason the point, 
though as thin and fine as possible one way, should be 
tolerably wide in the other, so as to show plainly by its 
apparent increase of width when it is being looked at 
from any direction but at right angles to the dial. 

The point of the index needle should cover about half 
the graduation of the arc. If it is too short to reach to it, 
or so long as to project over it, it is not so easy to read 
accurately. 

In reading, the best position for the aneroid to be held iMdiag an 
is upright, on a level with the eye, the index being vertical. '^'^•'""* 
Eead with one eye only, or parallax wiU creep in. Tap 
gently each time before reading, and turn the instrument 
flat, and then vertical again for a second reading, to prevent 
mistakes, tapping as before. In whatever position, however, 
the instrument is read the first time, it must be always held 
for all other readings on that day, the reason being that 
the weights of the difiTerent parts in such a delicately made 
little instrument have considerable influence on its free 
movement, and that this influence must be so disposed as to 
act in the same manner at each reading. 

The surveyor wiU of course never let the pocket aneroid Oare of 
out of his own possession, and will place it about his person ^•'"^* 
in such a manner as to minimise chances of shocks or blows 
in scrambling through rough country, getting wet in rainy 
weather, or tumbling out of the pocket. To prevent latter 
accident, always use a lanyard. The instrument should always 
be carried in its case. 
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If a small aneroid is not in regular use, the delicate internal 
parts, especially the chain, are liable to stick from oxydiza- 
tion, when at length taken up a height. It is therefore 
convenient, if an air-pump be on board, to place the instru- 
ment imder the receiver from time to time, so as to keep all 
working parts in order. 

TTRTiTOBTAT. 

Moft This instrument, which is simply a mirror moimted in 

3jSJrt* g™bol8* so as to turn and reflect the sun in every direction, is 
for lUrine of great use. In a survey where many assistants are at work 
'^^^^ together," it saves an immense amount of time. Smaller 
beacons or marks can be erected, and the position of a 
theodolite station that has to be made on the side of a hiU, or 
with dense foliage behind it, is at once made apparent to 
another observer, who has to take angles to it, by the flash, 
which can be seen a long distance by the naked eye. 
Fitting. As now supplied by the Hydrographic Office, they are 
mirrors in gimbols, mounted either on stands, or in portable 
cases, with a spike to drive into the groimd. Neither of these 
forms is satisfactory, as in many places from which it is 
desired to use them they cannot be conveniently and firmly 
placed. Tripod legs of some description on which to place 
the mirror are best, and a movable arm working round the 
centre, and carrying an adjustable ring through which to 
direct the flash, will be foimd very handy. If the surveyor 
has to trust to placing some separate object, such as a stick 
or another tripod, a few feet from the mirror, by which to 
direct his beam of light, he will soon find himself in some 
position where there is no standing-ground for such object, 
as when his theodolite is on the top of a sharp hill, or on 
a steep coast-line under cliffs at the edge of the sea. 
Galton'i There is a most excellent and convenient Httle instrument 
snnttgnal. ^^^^^ Galton's Sun Signal, fitted with a telescope, by look- 
ing through which, and adjusting the mirror, a dim image of 
the sun is seen covering the object required to flash to. 
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Nothing can be better adapted to the purposes of the nautical 
surveyor's work than this, (when he is once accustomed to it, 
as at first it is a little awkward to manage,) and when obtain- 
able they should always be used; but a very workable 
arrangement can be fitted on board any ship as follows : — 

A blacksmith will soon make a frame which will convert ] 
an ordinary looking-glass into a perfect instrument for sur- j^tSw im. 
veying work, as it must be remembered that we do not^^»»*J 
propose to use it for talking, and therefore do not require the 
extreme accuracy in directing the beam necessary in the 
military heliograplL 

no 5. 




liOOKINGMlLASS AS FnTED BT BLACKSMITH FOR HELIOSTAT. 

a. SUding ooUar canTlng ann m, revolving round S. 

h. Wooden ring, painted black, with croM-wiiea and white cardboard centre, aUding vertically 

bjr meana of rod through arm ». 
e. Inm frame to hold mirror, fitting into socket in top of Standard a 
8. Inm atandard with fixed tripod legs. 
d. BUnd spot in mirror, 
c 8c=7ew Cor clamping mirror fhtme. 
/. ft«rew for clamping arm. 
g. Screw for clamping ring rod. 

The sketch annexed shows a looking-glass fitted in this 
manner by a ship's blacksmith. The standard can be made 
of any height as convenient ; about two feet and a half is a 
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good length. In soft ground the end of the legs can be 
pressed into the earth, and on rocky ground stones placed 
against the legs will hold the instrument steady. The arm, m, 
of light iron, is carried separately, and slips over the shaft 
of the standard, clamping where required with a screw. 

Into a circular socket in head of standard shaft, the leg of 
the frame holding the mirror is shipped; this is also to 
be tightened by a retaining screw. 

The mirror, which can be of any size from 2 to 6 inches 
or more in diameter, revolves on its retaining screws, as an 
ordinary toilet-table glass, and can be held in any position by 
tightening these screws. 

The ring, of flat wood, is made as light as possible, so as to 
exert less strain in wind. Across it are nailed crossed strips 
of copper, with a white cardboard disc, about an inch in 
diameter, fastened to their centre. 

The rod that carries this ring slips up and down in a 
hole at the end of the arm, and is clamped by a retaining 
screw. 

In the centre of the back of the mirror, a hole of about 
f -inch diameter is scraped in the tinfoil, being careful to 
leave a sharp edge. A similar hole is cut out of the wooden 
back of the glass frame. This we shall call the '^ blind 
spot." 
Uiingjlw To direct the flash to an object, bring the mirror vertical, 
and looking through the hole in the centre, revolve the arm 
until in the direction of the object nearly, clamp it, and 
adjust the disc rod as nearly as may be, for elevation or 
depression. Then, slightly loosening the screw clamping the 
arm, finally adjust the latter, so that the object, as regarded 
through the hole in the mirror, is obscured by the white 
cardboard disc in centre of the ring. By turning the mirror 
so that the dark shade caused by the blind spot is thrown on 
to the disc, the flash will be truly directed, and must be kept 
so by slight alterations of the position of the mirror, which 
should therefore be clamped only suflBciently to hold it steady, 
and yet admit of geiltle movement. The shadow of the blind 
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spot should be slightly smaller than the disc, so as to insure 
having it truly in the centre of the latter. 

The mirror must be of the best glass, with its faces B«ft glAM 
parallel, or the shadow of the blind spot will be very indis- "•"•"■^- 
tinct when the mirror is at a large angle, and also the beam 
of light wUl be dispersed before it has traversed many miles. 

It is well to have the mirror a fair si^e, say 6 inches Sm of 
square, as in practice it will be found generally necessary, in 
order to save time, after once adjusting the flash, to leave 
a bluejacket to keep it on, while the surveyor is taking his 
angles ; and although a man will soon pick up the knack, 
a larger mirror will allow for eccentricities on his part, and 
also, on a dull day, a faint flash will be detected from a large 
mirror, where a small one would not carry any distance. 

On a bright day, a flash from a 3 in. by 2 in. mirror has Power of 
been seen 55 miles and more. SraTo^ 

In hazy weather, angles have been got when the pkce from ^ 
which the flash was sent was entirely invisible; and thus 
whole days have been saved by this simple contrivance. 

Only those who have spent hours, or even days, in strain- 
ing their eyes to see a distant mark, can appreciate the value 
of a heliostat. 



TEOST-FOOT POIiB. 

For coast-lining, a pole of measured length is often required, 
to get distances by observing the angle subtended by it. 

A convenient form is as follows — 

Two oblong wooden frames, about 18 in. by 2 ft., are 
made as light as possible, and covered with canvas. These 
will fit, by means of sockets at the back, on to the ends of 
a pole, and copper pins passed through socket and pole will 
keep them at a certain fixed distance apart. Ten feet is a 
convenient length for transport 

The face of the canvas on the frames is painted white, 
with a broad vertical black stripe in the centre, and the ten 
feet wiU be measured from centre to centre of the black stripes. 

D 
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In measuring with a sextant the angle subtended by such 
a pole, the image of one stripe will be brought to cover the 
other stripe. 

A table of distances, corresponding to the angle sub- 
tended by the length of the pole used, should be in each 
assistant's possession for reference on the spot.* 

Fig. 6 represents a ten-foot pole. 
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DRAWING-BOABDa 

In a surveying vessel it is convenient to have a consider- 
rable number of these, and of various sizes, so as to fit all 
scales. The largest may be about 29 in. by 25 in. The size 
of which most will be wanted will be about 27 in. to 25 in. by 
20 in. to 22 in. There should be some smaller ones, 22 in. 
by 16 in. 

Lightness, combined with sufficient strength not to warp, 
is the requisite, and seasoned wood is therefore necessary. 
White pine, three-quarters of an inch thick, is as good as 
anything, though the smaller boards may be made of thinner 
mahogany. 

Duck covers to fit the boards are necessary for field work, 
when the work is plotted at the time, to carry them in, and 
prevent rubbing and wetting from rain. 

If it is intended to do most of the detail plotting in the 
field and boats, there should be about three or four boards to 
every assistant in the survey. 



♦ Appendix, Table S. 
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WBIQHTa 

The weights supplied by the Stationery Ofiftce are of iron, 
flat, oblong, and covered with leather. 

Drum-shaped leaden weights to supplement these, covered 
with duck or baize, will be found very handy. These can be 
of various sizes and weights, to suit all requirements. 
Cylinders 2 J in. in diameter and \\ in. in height are an 
average size, and can be cast on board in a wooden mould. 

A few others heavier are useful, and some flat weights, 
^\ in. in diameter and ^ of an inch thick, are good for 
keeping down small tracings. 

TRANSFER PAPER. 

This must be made, not bought, as the stuff sold by 
stationers always has some oily material in it. 

On to a damp sheet of tracing-paper scrape finely some 
black-lead, and rub it well in with the hand, a little at 
a time, allowing it to dry between each application. Rub 
off the loose particles before rubbing in more. The black- 
lead is only to be applied on one side of the tracing paper. 
It must be done as evenly as possible, so as to ensure uni- 
formity in the tint, but this is assisted by a good rub with 
a soft cloth when the sheet is finished. Two or three appli- 
cations will be sufficient. 

A lump of black-lead for this purpose is supplied to all 
surveying vessels, but the lead from a soft pencil will 
answer as well. 

It is a dirty process to the operator. 

MOnNTINa PAPER. 

The consideration of what to plot the intending chart on 
must be undergone before commencing work. Two methods 
are in use. 

D 2 
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To stretch, and firmly paste or glue the. paper, on a 
drawing-board or table, where it must remain until the 
chart is complete; or to plot on a piece of drawing-paper 
mounted on holland or calico, and simply flattened out 
before use. 

The advanta^ of the former is that the paper remains flat, 
{irtttjLm ^^^ ^^® i'^xs^ wrinkles or movement, the whole time work is 
■t«it being done on it ; but for many reasons, the latter is most 
convenient for ship work. If many sheets are under weigh 
at one time, which frequently occurs in an extended survey 
and large stafT, they take up less room, and interfere less 
with one another, when several persons are working at one 
table, than when sheets mounted on boards are used, and 
they are easier put out of the way. If the plotting sheet 
is very large, and formed of many pieces of paper, which, 
it must often of necessity be, it is very diflScult to stretch 
such a paper, and it would take up the whole of the table^ 
where it would have to be placed, as a board of sufficient 
size would be very inconvenient in a ship. 

The drawback is the constant stretching and taking up of 
the sheet, with the variation in temperature and dampness of 
the air, which is undoubtedly a source of annoyance in 
plotting long lines, as the radii measured the day before, 
or even a few hours before, will frequently be found so much 
altered in length as to necessitate remeasurement. 
BigtortioiL This variation of the sheet may also produce distortion ; but 
with good paper, well mounted, it will be nearly the same for 
all parts of the chart, and the distortion is so slight as to be 
of no practical inconvenience, and it is a question whether 
more distortion is not produced when, in using the other 
method, the stretched sheet is finally cut ofT the board when 
finished. 

The fact is, that a material on which to draw charts free 
from the possibility of stretching and distortion has yet to be 
discovered, and we must put up with these inconveniences as 
long as we use the paper of the present day. 
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Taking one thing with the other, then, the author recom- 
mends the use of loose mounted sheets for general ship work. 

Heather thus describes '' mounting paper on a board." 

" The paper must first be thoroughly and equally damped Xoimtliig 
with a sponge and clean water, on the opposite side from that ^i{^^^ 
on which the drawing is to be made. When the paper 
absorbs the water, which may be seen by the wetted side 
becoming dim, as its surface is viewed slantwise against the 
light, it is to be laid on the drawing-board with the wetted 
side downwards, and placed so that its edges may be nearly 
parallel with those of the board. 

'' This done, lay a straight-edge on the paper, with its edge 
parallel to and about half an inch from one of the edges. 
The ruler must now be held firm, while the said projecting 
half inch of paper is turned up along its edge ; then a piece 
of solid glue, having its edge partially dissolved by holding it 
in boiling water for a few seconds, must be passed once or 
twice along the turned edge of the paper, after which, this 
glued border must be again laid fiat by sliding the rule over 
ity and the ruler being pressed down upon it, the edge of the 
paper will adhere to the board. 

'^K sufficient glue has been applied, the ruler may be 
removed directly, and the edge finally rubbed down with 
an ivory book-knife, or any clean polished substance at hand, 
which wiU then firmly cement the paper to the board. 

"Another but adjoining edge of the paper must, next, be 
acted upon in like manner, and then the remaining edges in 
succession; we say the adjoining edges, because we have 
occasionally observed that, when the opposite edges have 
been laid down first, without continuing the process progres- 
sively round the board, a greater degree of care is required to 
prevent undulations in the paper as it dries. 

'' Sometimes strong paste is used instead of glue ; but as this 
takes longer to set, it is usual to wet the paper also on the . 
upper surface to within an inch of the paste mark, care being 
taken not to rub or injure the surface in the process. The 
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wetting of the paper in either case is for the purpose of 
expanding it ; and the edges being fixed to the board in its 
enlarged state, act as stretchers upon the paper while it 
contracts in drying, which it should be allowed to do 
gradually." 

The mounting of the backed sheets supplied from the 
Stationery Office is usually very well done, and it saves time 
to use these ; but as it may be necessary for the surveyor to 
mount sheets himself, the method will be described. 
Monntiag The holland or calico on which the paper is to be mounted, 
glj^^tg^ and which must be in one piece and larger than the board, 
must be lightly damped. It is then stretched over the 
board and tacked to the edges, care being taken to stretch 
it equally and squarely with the woof and warp. Eub plenty 
of strong paste into it with the hand, and see there are no 
lumps left. The sheet of paper must be well damped with a 
sponge on both sides, taking care to dab only, on the side on 
which the work is to be done, and not rub with the sponge. 
The sheet is then carefully lifted by the four comers, 
one edge laid on the holland while the rest is kept clear 
of it, and the paper gently rubbed on to the board with a soft 
handkerchief, the paper being gradually lowered, so as to 
allow air bubbles to escape. It will take two people to do 
this, and it must be done with great care. It must be left to 
dry by itself, and no hot sun should be allowed to get to it, 
80 that it may dry evenly, 
joiiung If the plotting sheet is to be formed of more than one piece 
of paper, the edges of the paper which will overlap must be 
fined down. This is done in the first instance by scraping 
with a sharp knife, having drawn a line on the paper where the 
overlapping wiU come, and then finishiDg off with ink eraser. 
The piece that is to be uppermost must be scraped on the 
under-side only, and the undermost one on the upper side, so 
as to make, in fact, a scarph. This will lessen the appearance 
of a joint, and the inconvenience of ruling lines hereafter 
over it. 



fheets. 
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Drawing-paper is made of the following siaes : — 

Demy 20 in. by 15^ tint of 

Medium 22} „ „ 17i J;^- 

Eoyal 24 „ „ 19i 

Super Royal . . 27i „ „ 19i 

Imperial . . /. 30 „ „ 22 

Elephant .... 28 „ „ 23 

Columbier ... 35 „ „ 23^ 

Atlas 34 „ „ 26 

Double Elephant 40 „ „ 27 

Antiquarian . . 53 „ „ 31 

Emperor .... 68 „ „ 48 

Atlas, Double Elephant and Antiquarian are most used in 
chart-making, and are the sizes supplied by the Hydrographic 
Office. 

For all rough work, as sounding sheets, ordinary field work, 
&C., drawing-cartridge is used. It is quite good enough, and 
does not entail such expense as the use of an indefinite 
quantity of hot-pressed drawing-paper. 

This cartridge-paper is mounted on the drawing boards by laid 
being wetted, and rubbed on to the well-pasted board in the 
manner described above for mounting on holland. It will 
dry quite flat. When this paper is done with, it must be 
floated ofT the board, which will cause it to distort and con- 
tract considerably by the time it again dries ; but as all the 
work on it will have been beforehand transferred to the tracing, 
this does not so much matter. The paper must be kept, how- 
ever, as a record, for which it is just as valuable. 

Where a field-board is wanted for delicate coast-line or 
other intricate work, a sheet of Atlas can be mounted, or 
white Bristol board used. The latter has many advantages, 
and can be tcucked on to a board to keep it flat. If chart 
pins are used with thick Bristol board, they will not hold 
for long, and will give much bother by constantly falling out. 

The Atlas paper being good, may be mounted on to the 
board by merely pasting the edges, as described above. It 
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can then be cut off without much distortion. If cartridge 
is treated this way, it is very apt to tear, being of a loose 
texture. 

BOOK& 

Blank books of various forms and dimensions for boat work, 
field work, &c., are supplied from the Admiralty. These for 
the most part require no forms ruled in them ; but there are 
a few purposes for which it is very convenient to have ruled 
forms bound up. 

Such are the Height-Book, Deck-Book, Comparison-Book, 
specimens of which are given in the course of this work, or 
in the Appendix. The form for the first is supplied by 
the Hydrographic OflSce, and cannot be bettered. The 
others have been found convenient by the author, but other 
styles may be preferred. 

Officers have differed as to the number and form of books 
into which all results necessary to retain are entered, as Meri- 
dian Distances, Latitudes, Variations, Triangulations, &c. 
And as long as a fair record in some form is kept of these 
data, it does not much matter how it is dona 



CHBONOlCETBBSi 

About the care of the chronometers little need be said. 
Full instructions are issued by the Admiralty on the subject, 
to which reference can be made, and Capt. Shadwell's 
' Notes on Management of Chronometers '* contains all that 
can be said on the subject. The box or "room'* for the 
chronometers is now made after a fixed plan, the principle of 
which may be said to be that the solid block on which the 
chronometers rest, and which is, when practicable, bolted to the 
beams beneath, not the deck, can receive no blow or shock 
other than those commimicated through the ship herself. 



♦ * Notes on Management of Chronometers and Measurement of Meridian 
Distances,' by Captain C. Shadwell, C.B. Potter, London, 1861. 
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which is done by surronnding it witii a bulkhead^ with a clear 
space betweeiu Vibrations are lessened as much as possible 
by the interposition of sheets of india-rubber in building up 
the block, and by padding the partitions in which each chro- 
nometer rests with soft cushions. 

The lid of each box is removed, and a general lid covers the 
whole. 

A sheet of fearnought is laid over the chronometers, and has Vni- 
flaps cut over each one, so that they can be uncovered in turn, JSmSi? 
for purposes of comparison or winding. This is to assist to ture. 
keep the temperature uniform, and also deaden the ticking of 
other watches when comparing. 

Winding is performed at the same hour daily, and com- Vinding. 
paring also. There is no necessity that these hours should be 
identical; but it is generally the practice that they should be. 
If they are both done at an early hour, there is more chance 
of the same officer being on board to do it, which is of im- 
portance. 

Always wind until the mechanism is felt to butt, to ensure 
the watch being fully wound up. 

To prevent butting too sharply, the turns can be counted, 
which wiU warn the winder ; but if winding is done delicately, 
this is scarcely necessary. When, however, any other but the 
officer in charge of the chronometers winds them, he should 
do this ; to enable him to know the number of turns each 
watch requires, a piece of paper with the information can be 
pasted on each box. 

The watch has to be reversed to wind, and it must be eased 
gently back when the operation is complete, not allowed to 
swing back. This daily reversing of the watch is said to be 
a good thing, as it distributes the oil in the bearings. 

Accurate comparing only comes, like most other things of 
the kind, by practice. The comparing of watches is gone into 
at page 205. 

A comparison book and chronometer journal are kept ; the B«oordi. 
former being used to enter the comparisons at the time, with 
their checks, &c., the latter as a fair book for a permanent 



42 HYDROGRAPHICAL SURVEYING. cfiAP. I. 

record, and contains rates, and all data for noting the perform- 
ance of each watch. 

A maximum and a minimum thermometer are placed in the 
chronometer room, and the reading of their indices is taken, 
and recorded in the comparison book, at the time of comparing. 
This is of importance when it is intended to take account of 
change of rate from changes of temperature, and, in any case, 
will enable us to estimate how far our endeavours to main- 
tain a uniform temperature in the room are succeeding. 

It is of course necessary in making a survey of any 
description to have fixed objects, which are first plotted on 
to the sheet, and are technically known as " points." These 
vary, according to the description and scale of the survey, 
from mountain peaks, whose actual summits may be of con- 
siderable area, to thin staves. 

Hstnna It is a great saving of time to the nautical surveyor to 
find plenty of natural marks, as peaks, conspicuous trees, 
houses, church spires, &c., anything, in fact, which can be 
defined and recognised from the different directions it may 
be necessary to see them ; but it is rare to find a sufficient 
number of these, properly placed, to be able to altogether do 
away with putting up his own marks for the details of tiie 
survey, and it is of these we now speak. 

White- Whitewash is the great friend of the surveyor. It has 

the advantage of being portable, showing generally very 
well, being cheap, and obtainable all over the world; it 
cannot disappear by being blown over, or by being stolen or 
knocked down by jealous inhabitants, who very naturally do 
not understand what the meaning of different objects dotting 
their shores may be. Whitewash, therefore, is used where- 
ever practicable, as on rocky cUffs and points, or tree-stems, 
angles of houses, &c.; and is also used to whiten other objects 
put up by the surveyor, as cairns, canvas, &c., where either 
there is no solid substance to whitewash, or it is necessary 
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to see the mark from every direction, which it is evident can- 
not be the csfie when a cliff fa.ce is whitewashed, for example. 

The nature of these marks must vary according to locality, 
and the distance it is necessary to see them. 

Where there are stones, nothing is better than a cairn. Oairni. 
It is rather a question as to whether a cairn on a hill-top is 
better whitewashed or not. If the sun strikes on it, or there 
are higher dark hills behind, it shines like a star ; but on a 
dull day, against the sky, a white cairn will be so much the 
colour of it, that a dark object will show better. 

A cairn on the beach should certainly be whitened. 

Where there are no stones, tripods of rough poles or Tripods, 
stakes, about eight feet long, round which a bit of 'old 
canvas about six feet long, whitewashed, can be laced with 
spun-yam, will be found good. The poles are easy to carry 
in the boat, and can be taken up lulls without difficulty ; 
they are easily taken down, and can be used over and over 
again. From their tripod form, they stand well in high wind, 
though it is as well to give them spun-yam stays. The 
conical shape of the mark affords a capital object, and 
rough poles of the kind required can be got anywhere. 

Where bamboos can be got, they are very useful, from 
their lightness, to carry up hills, either to form tripods as 
just described, or as flag-poles. 

Pieces of wide coarse white calico are useful for temporary 
marks, as where it is desired to see a station from another 
station, when there is not sun to use the heliostat, and it is 
not requisite to have a very large mark left for future use. 

On a very flat low shore, where boat soimding has to be 
carried out a long distance, flagstaffs with large flags must be 
set up. Care should be .taken in some parts of the world Piags. 
that these flags are not national ones, or anything that can 
be mistaken for such, as difficulties have frequently occurred 
through such being hoisted. As the large old flags obtained 
from dockyards are always of this type, they should be cut 
up, and re-sewn with such an arrangement of colours as shall 
denote nothing. 
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The colours of red and white intermingled will be gene- 
rally seen furthest. 
CaaTu. On coasts lined with bush, like mangrove swamps for 

instance, square pieces of canvas, whitewashed and. laced to 
the boughs, will be found to show very well. 

In lacing these on, care must be taken to place them so 
that they wiU show as far round on both sides as possible, 
and always to have the lower part more to the front than the 
upper, as they will thereby catch more sun. 

Whenever canvas is used, it is well to cut holes in it, 
sewing them round suflficiently to prevent tearing in the 
wind. This will make the canvas valueless for fishermen or 
natives of any kind, to whom, in all parts of the world, a 
good piece of stuff is a prize. 

In preparing for a surveying cruise, therefore, provision of 
material for marks must not be forgotten. 

BOATS' FITTIEraa 

It is impossible to lay down any dogmatic rules for fitting 
boats for surveying work, as so much depends on individual 
tastes, and requirements of the locality ; but a few points may 
be noted which have been found generally useful, and a list 
of articles which are always being wanted can be added, as 
some sort of guide. 
fft^m Steam cutters are of course the best boats for general 

Cntttn. sounding, as the engine never tires. The additional work 
that can be done with steam cutters at command is enormous, 
as they not only do their own work, but tow the pulling- 
boats to and from their stations, and thereby save many 
hours that would otherwise be spent in beating up, or pulling 
backwards and forwards to the ship morning and evening. 

A little table may conveniently be fitted in the stem-sheets 
of a cutter, as there is plenty of room. The stem-sheet 
canopy, which will generally have to be in place when 
sounding, to prevent the spray injuring instmments, books, 
board, &c., should not be too high, so that the ofiScer 
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standing in the stem-sheets may be able to take his angles 
over it 

Steam cutters for surveying work should be fully rigged, 
as accidents will happen, especially as the boiler gets 
old, and it is awkward to iind oneself broken down with 
the ship miles off, and probably out of sight, and nothing 
but a foresail, which is the present service-fitting for these 
boats. For this reason, unless working near the ship or in 
close harbours, the masts and sails should always be in the 
boat. Lumber irons should be fitted to carry these high up, 
so as not to interfere with the wash-streak of canvas, nor take 
up necessary room in the boat. The lumber irons supplied 
are too low, small, and weak. 

The usual fitting of a steam cutter, a canvas turtle.-backed 
canopy forward, is inconvenient, as the leadsman cannot 
then stand in the bows, which is the best place for him. 
The canvas wash-streak must therefore be carried to the stem, 
and the stanchions on the bows must be higher than those 
amidships, to allow for plenty of pitching in a head sea. 

It will be found absolutely necessary to use the bow and 
stem lockers for stowing gear, men's clothes, &c.; but care 
must be taken that the lids are screwed down, whenever the 
boat is at work in open water. 

Steam cutters must have little skiffs of some kind, to tow liffht 
as tenders for landing, as the boat is too heavy and draws "**"• 
too much water to be beached, and should always be kept off 
the ground, for fear of strains with the heavy boiler in her. 
When only sounding, the tender is of course not needed. 

For pulling-boats, whalers will be found most generally whftlen. 
useful ; they employ fewer men, and have quite enough room 
in them. 

The simpler the sail the better, as it may be often up and 
down. 

Fixed wash-streaks forward and aft, will keep out much 
water* 

Cmtches with a long shank, which will raise the cmtch 
two inches, will be found most useful, as, with gear along the 
middle of the boat, and the low gunwale of an ordinary 
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whaler, the loom of the oar cannot be depressed enough 
with a service crutch, when in broken water, for the blade 
to clear the tips of the waves. 

Lockers, built in bow and stem, are useful for keeping gear 
and instruments in. These should be canvassed over, for 
unless built of two thicknesses of wood, which is heavy, the 
tops will soon leak after a few months' hot sun. The top of 
the bow locker raises the leadsman, so that he can throw his 
lead well ahead, and he should have his foremost awning 
stanchion shipped, as a support in rough water. 

The awning should be cut at the after-thwart, so as to 
enable the afterpart to be tipped, when it is necessary to 
stand up to take angles. 
Cattem. Cutters should also be fitted with bow and stern lockers, 

and a table can be arranged in stem-sheets if thought 
necessary. No other special fitting is required beyond those 
given below for all boats. 
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All boats should have stout iron keel bands. With the 
constant grounding and running over rocks, inevitable in 
surveying work, these save the boats enormously. With 
coppered steam cutters these must be of brass, fastened 
outside the copper sheets. 

A galvanized-iron reel, under one of the foremost thwarts, 
to hold a 100 fathom line. 

A small galvanized-iron davit, with snatch block to place 

^^'^ sounding line in when in deep water, so that several men 
can assist in hauling up the lead. In steam cutters it will 
be found handy for the leadsman always to use this. 

Pate&t A Massefjfs patent log, with the stray line between fan 

^^' and clock lengthened, so that the latter may be fastened out- 
side the gunwale for convenient reference, while the fan tows 
in the water behind. 

Buoy. -A. small galvanized-iron nun buoy, with a light chain and 

weight to moor it by, is useful when sounding out a shoal patch. 
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The boat-hook should be marked in feet, with the marks Boat-hook, 
slightly cut and painted. This is useful for sounding in 
shallow water, and many other purposes. 

A box containing some spare tins of preserved meat, in spare Pro- 
case of accident detaining the boat beyond her time of return ^"■**""* 
to the ship. 

The following list of stores may be handy : — 

Lead lines, 100 fathoms, 1. Genonl 

„ . 25 „ 2. ttore.. 

Leads, 11 lbs. 2. 

7 „ 1. 
Anchor and cable. Latter should have a short ganger 
of chain in case of sharp rocky bottom, and be 
always made fast to crown, and stopped to the ring, 
in case of fouling. 
Masts and sails. 
Spare oar. 

Awnings and stanchions. 
Water barricoe. 

Small portable ditto for carrying on shore, 2. 
Axes, handy biUy, 2. 
Bag of lime. 
Whitewash brush. 
Box for arming for lead. 
Tin pannikins. 
Bag for biscuit. 
Old canvas for mark. 
Canvas cases for rifles. 
(It is convenient always to have a rifle in the boat.) 
Ensign, answering pendant, and signal book. 

Ammimition case, containing — Ammimi- 

3 rockets with rope tails. 20 blank cartridges, ^^ 

2 long lights. 50 ball „ 

1 handle and primers. 20 pistol „ 

1 portfire. 2-feet slow match. 

If a boat meets with an accident, this ammunition will 

come in handy to attract attention after dark. 
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Oupoi* 
ton'itorM. 


Carpenter's bag, 
Hammer. 
Nails of sorts. 


containing — 


Fearnought. 
Lead. 




Chisel. 




Tallow. 




Bradawl. 
Gimlet. 




Strips of copper. 


Boat.* 

iwsini' 

itorM. 


Boatswain's bag, containing — 
Marlinspike. 
2 sail-needles. 


Palm. ' 

Bits of canvas. 




Twine. 




Spun-yarn. 



The first thing in a newly-commissioned ship is to get the 
lead-lines well stretched. 

Until this is done it is only loss of time to mark the mul- 
titude of lines wanted for surveying. 

As soon as the ship leaves port, tow seven or eight hundred 
fathoms of the new line astern, with a heavy lead on it, for 
some days. The line will then have got to its normal length, 
but lead-lines will always want remarking from time to time. 

Hand lead-lines, for ships or boats, should be marked in feet 
up to 5 fathoms, and at every fathom between 5 and 25. 

Ship lines for deeper sounding, and boat's 100-fathom lines, 
should be marked the same as hand lines, to 25 fathoms. 

After that, at every 5 fathoms, up to 100 fathoms. 

Over 100 fathoms, at every 10 fathoms, to 200 fathoms. 

Over 200, a mark at every 25 fathoms will be sufiBcient. 

For deep-sea lines, a mark at every 25 fathoms, throughout. 

There is no recognised system for these marks, but a list is 
appended of that used by the author. 

Marks in Lead-Lines fob Subvetinq. 



Path. Feet. 

2 line, 2 knots. 

3 Blue. 

4 line, 1 knot. 

5 ,, 2 knots. 



F«tb. Feet 
1 leather, one talL 

1 line, 1 knot. 

2 „ 2 knots. 

3 Blue. 



CSAP. I. 



LEAD-LINES, 
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Mabks IK Lead-Linbs Fob Subvetino. — CcgnXinued. 



Fitbt.Feet. 

1 4 line, 1 knot. 
6^2 knots. 

2 leather, 2 tails. 

1 line, 1 knot. 

2 „ 2 knots. 

3 Blue. 

4 line, 1 knot. 
6 „ 2 knots. 

3 leather, 3 taUs. 

1 line, 1 knot 

2 „ 2 knots. 

3 Blue. 

4 line, 1 knot. 

5 y, 2 knots. 

4 Bed, with line and 4 knots. 

1 line, 1 knot. 

2 „ 2 knots. 

3 Blue. 

4 line, 1 knot. 

5 „ 2 knots. 
6 White. 

6 Blue. 

7 Bed. 

8 Canvas. 

9 Blue. 

10 leather, a hole. 

11 „ ItaiL 

12 „ 2tuls. 

13 Blue. 

14 Bed. 
16 White. 

16 Blue. 

17 Bed. 

18 Canvas. 

19 Blue. 

20 line with 2 knots. 

21 leather, 1 taiL 



FathB. 

22 leather, 2 tails. 

23 „ 3 „ 

24 Bed. 

25 Bed and White. 
30 3 knots on lin& 
36 White. 

40 4 knots. 

46 White. 

60 Blue and white. 

66 White. 

60 6 knots. 

66 White. 

70 7 knots. 

75 Bed. 

80 8 knots. 

86 White. 

90 9 knots. 

96 White. 

100 Blue and line, 1 knot. 

110 1 knot. 

120 2 knots. 

126 Bed. 

130 3 knots. 

140 4 knots. 

160 Blue and White. 

160 6 knots. 

170 7 knots. 

176 Bed. 

180 8 knots. 

190 9 „ 

200 Blue and line, 2 knots. 

226 Bed: 

250 Blue and White. 

276 Bed. 

300 Blue and line, 3 knots 

And so on. 
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BX&ACONa 

Floating Beacons are sometimes of great service. A 
surveying vessel frequently carries two of them in the fore- 
chains, ready for use. 

A useful form is a large cask, well hooped and watertight. 
A standing mast passes through both heads by a tabernacle, 
and projects about 3 feet below and 5 feet above. The upper 
part carries a top-mast from which to fly the flag. At the 
lower extremity is a shackle, to which are attached weights 
to keep the mast as upright as possible, and also the mooring 
chain. 

Another, and more durable kind, though heavier to 
handle, is, lengths of spar woulded round a central pole, 
so as to form a beacon of precisely the same shape and 
principle as the cask above. This will not be liable to sink 
from leakage as the former. 

■ If the current is permanent, the anchoring chain should 
be made fast to the body of the beacon. 

A kedge anchor, or two — ^if swinging is undesirable — holds 
it in position. 

A permanent sling should be fitted, by which to lift it. 
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CHAPTER II. 

A MARINE SURVEY IN GENERAL. 

There is a great variety in the methods that can be em- 
ployed in making a marine survey, so much so that the task 
of describing any general scheme of operations is by no means 
easy. 

In the first place, Marine Surveys may be divided into iHir«r«nt 
three heads. IS?^ 

1st. Preliminary or Sketch Surveys. 

2nd. Surveys for the ordinary purposes of navigation. 

3rd. Detailed Surveys. 

The boundaries between these are by no means strongly 
marked, although each differs considerably from the other, and 
a finished sheet as sent home is not unfrequently a combination 
of all three, comprising pieces of work done after very diflTer- 
ent fashions, according to needs and circumstances. 

A preliminary survey does not pretend to accuracy. The sketeh 
time expended on it, and the means used, cannot ensure it, and ^ 
it only represents what our second name for it indicates, a 
sketch. A sketch survey will be founded on a base of some 
kind, but this will generally be rough, and in some instances, 
as in many running surveys, will depend solely upon the 
speed of the ship as far as it can be ascertained by patent log ; 
so that the whole affair from beginning to end is only a rough 
approximation. 

The necessity for sketch surveys may be said to be getting 
less and less every year. Most parts of the world have their 
coasts mapped at any rate as far as this; but there still 
remain portions of our globe of which the Coast-lines are not 

E 2 
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marked at all, or are extremely hazily delineated, and to these 
any sketch survey will be an improvement. 
Ordlaaqr The second head comprises the majority of charts now 
'^ published, and many of those in course of construction in 
the present day, i,e, they are constructed on such a scale, 
and with such limitations of time, &c., as to make it 
impossible, either to show small details of land or sea, or 
to be perfectly certain that small inequalities of the bottom, 
or detached rocks, may not exist, unmarked. Everything, 
however, shown in such a survey should be correct, and it is 
only in its omissions that it should be imperfect. 
Dcteiled A detailed survey is accurately constructed from the com- 
•"^•y*- mencement, on a scale large enough to admit of close sound- 
ing, and time is given up to working out all minutisB. 

Detailed surveys are mostly confined to the more civilised 
shores of the world, where there is much trade, and to such 
ports, harbours and channels as are largely used in navigation. 
The necessity for these surveys increases to an enormous 
extent every year, with the prodigious strides trade, more 
especially trade by means of steam-vessels, is taking. 

A steamer works against time; her paying capabilities 
largely depend on her getting quickly from port to port, and 
captains will take every practicable short cut that offers, and 
shave round capes and corners in a manner to be deprecated, 
but which will continue as long as celerity is an object. A 
channel which a sailing vessel will work through in perfect 
safety, from the obvious necessity of keeping a certain distance 
off shore, for fear of failing wind, missing stays, &c., will be 
the scene of the wreck of many a steamer, from the inveterate 
love of shortening distances, and going too near to dangerous 
coasts only imperfectly surveyed. Better charts will not cure 
navigators of this propensity, but will save many disasters by 
revealing unknown dangers near the land. 

Time, and the comparative scarcity of marine surveys, do 
not permit of keeping up to the rapid advance required in this 
style of survey ; and unless the countries of the world interested 
in ocean traffic largely increase their expenditure on these 
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matters, it seems as if charts will get further and further 
behind requirements as yeaht roll on. 

Having settled of what description a chart is to be, there is z^etail 
still much diversity in the method of undertaking the details ^JJJJ^ 
of it. The extent of the work, whether simply a plan of 
limited extent, or a large piece of open coast ; the scale on 
which it is to be done; the nature of the coast and sea; the 
time and means at disposal ; the number of assistants ; will 
all be considered in determining exactly how to set about the 
work. 

All this makes it very difficult to lay down rules for marine 
surveying. Experience alone can dictate what should be done 
in each particular instance. Though a plan may be produced, 
the tune employed, and the result of the labour expended, 
will greatly vary according as to whether the work has been 
undertaken in the right way or not, apart from any personal 
qualities of the assistants, and nothing but the possession of 
the true surveying " knack," combined with experience, will 
point out this right way. 

All surveys are, however, alike in this respect They are, TziangiilA- 
as it were, built up, on a framework of triangles of some kind, 
the comers of which are the main " points " of the chart, and 
to obtain this framework is always the first thing to do, and 
how to set about it the first thing to consider. 

The construction of this "triangulation," as it is termed; is 
of various kinds ; ranging, from the rough triangles obtained in 
a running survey, where the side is obtained by the distance it 
is supposed the ship has moved, and the angles are sextant 
angles, taken on board from a by no means stationary posi- 
tion; to the almost exactly formed triangles of a detailed 
survey, when carefully levelled theodolites observe the foun- 
dation of a regular trigonometrical network, which covers the 
whole portion to be mapped. 

The term triangulation would seem to infer that this 
system of triangles would be always apparent ; but in surveys 
irregularly plotted, and when working on a sheet previously 
graduated, it will seem that there is no triangulation, and in 
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the strict sense of the woid there is none^ but the framework 
of the chart is still built up on £he system of triangles, and 
it is difficult to find any other name for the process. 

For the present we will speak only of the second and third 
kinds of surveys, leaving Sketch Surveys to be described 
separately. 

The system employed in Ordinary Surveys and Detailed 
Surveys is the same, and they really only differ in the scale 
of the chart, and the amount of time that is spent on them, 
especially with regard to closeness of soundings. 

In a detailed survey, time must be subservient to the 
necessity for exactness, and for exploring every foot of the 
ground. 

In an ordinary survey, judgment has to be exerdsed as to 
how far we must be satisfied with what we can get for trian- 
gulation, and how much time we can spend on details. 

It is by no means necessary in an ordinary survey to 
observe the angles at each comer of the triangles. The happy 
fact that the sum of the three angles is 180^, enables us to 
manage whenever we have two of ttem, though it is of course 
more satisfactory to actually observe all three for the more 
important triangles. 
Aooiir»07 The accuracy necessary in many details of a chart depends 
very much upon its scale. Over-accuracy is loss of time. 
Any time spent in obtaining what cannot be plotted on the 
chart is, as a rule, loss of time ; but it cannot be too strongly 
impressed upon the young nautical surveyor, that his work 
should be as correct as his scale will allow. Nothing should 
be put down of which he is not sure, and it is no loss of time 
to repeat angles to prevent mistakes. It is better to be over- 
accurate than to err in the opposite direction, and experience 
will soon show him when he must be very exact, and 
when a little latitude is permissible without interfering with 
the result. 

The accuracy of the main triangles of a chart is most im- 
portant, everything depends on them, and if they are incorrect, 
nothing will be satisfactory afterwards. 
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The general plan of a survey may be said to be this : — o«ii«ral 

Ist A base is obtained,- either temporary, as in the case of P^ ^^ 
an extended survey, or absolute,, as in a plan. This is the 
known side of the first triangle. ' 

2nd. The main triangulation, that is the establishment by 
means of angles of a series of positions, at a considerable 
distance apart, from which, and to which, angles are after- 
wards taken, to fix other stations. These are the comers of 
of our framework, and are known as the " main stations," the 
two ends of the base being the first two, on which everjrthing 
is built 

3rd. The fixing by meiafis of angles from these main sta- 
tions of a sufBicient number of secondary stations, and marks, 
to enable the detail of the chart to be filled in between them. 
In most cases angles will be required to be taken from the 
marks thlBmselves as well. 

4th. All these potnts, or those embracing a sufficient area 
to work on, being plotted on the chart, they are transferred 
to the field boards, either by pricking through the plotting 
sheet with a fine needle, or, what is a better way when care- 
fully done, by making a tracing of them on tracing-doth, 
and pricking through that on to the boards. 

5th. Each assistant then has a certain portion told off to 
him to do. It must depend upon circxmistances, but as a 
rule it is more satisfactory to have the coast-line put in first, 
and the soundings taken when this has been done. The 
topography, or detail of the land, can be done at any time. 

6tL Each piece of work is inked by the assistant on his 
board, with all detail, and when complete, is carefully traced 
on*the above tracing of the " points." All bits are tiius col- 
lected together, and the total is retransferred to the plotting 
sheet by means of transfer paper, and inked in as the finished 
chart 

These details must not be taken as unalterable. Some 
prefer plotting everything on to the same original sheet, and 
when a surveyor is by himself, or with one assistant, he 
would probably do this, but the method described is cal- 
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culated for a number of assistants, and has been found to 
work well. 

It is not absolutely necessary to get a base before starting 
a plan. Circumstances may make it imperative to wait 
a day or more for this, and in the meantime, a distance 
between two stations, to be finally measured, can be assumed 
and plotted, and the whole system of triangulation built upon 
this. But it must be remembered that no heights can be 
measured by means of angles, until a scale is obtained. 

If an extended survey, and plenty of hands, some will 
carry on the triangulation and marking on ahead, while others 
are putting in the detail, and sounding the part already 
marked. 

The deeper soundings will be taken from the ship, to a 
sufBicient distance or depth off shore. 
L to It will depend upon circumstances when the astronomical 
Jjj^^j^ observations for latitude and longitude are taken. If only 
an isolated plan is being done, the observations to fix some 
definite point on it can be taken at any time. 

When an extended survey is in progress, that has been 
commenced on a measured base, they can also be taken when 
convenient. In this case the final scale of the chart will 
always depend upon the observations taken at either extre- 
mity of the chart, and they must consequently be done very 
carefuUy. Circumstances of weather, time of year, &c., will 
therefore influence the choice of the best time for these. 

Sometimes an extended survey will be originally plotted 
on a base obtained by the astronomical positions, and in this 
case of course they will be the first thing to undertake. At 
any rate it will nearly always be convenient to obtain a true 
bearing at once, in order to have the meridian of the chart 
placed squarely on the paper from the commencement. 

These separate steps in a survey will now be described in 
detail, following the order in which they will generally come, 
as far as can be done. 
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CHAPTER III. 

BASES. 

By duun. — By difference of Latitude. — ^By Angle subtended by known 
length.— By Measured Rope. — ^By Sound. 

Bases for marine charts or plans upon which to build Diflbrait 
the triangulation are obtained in several ways, according as SSeii. 
circumstances permit and accuracy requires. 

1. By means of the 100 ft. chain supplied for the purpose. 

2. By difference of latitude. 

3. By measuring with a micrometer or sextant the angle 
subtended by a known length, as two poles a measured dis- 
tance apart, the ends of a long pole, or the masts of a ship. 

4. By a measured rope, as a lead-line. 

5. By sound. 

CHAUSfED BASES. 

The ground for a base, to be measured either by chain or 
rope, must be as level as can be found. Its length will 
be partly determined by the extent of the work to depend on 
it, varying from say 9000 feet to 1000 feet, or even less 
for a small harbour. 

It is seldom that a chained base can be found, even for a ZzteniioB 
small plan, long enough to plot from directly, i,e. the measured ^ ^^^'^ 
length when protracted on the paper would be generally 
so shorty that by placing that on the sheet first,* and making 
it the starting line, errors would be sure to creep in, in 
increasing the size of the triangles, any little error being 
multiplied It therefore is usually necessary to extend the 
base, as it is termed. 
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This consists simply in calculating a sufficient number of 
triangles, conveniently arranged, to obtain a side long enough 
to form a good start, so as to plot irvwards as much as pos- 
sible, when any little errors will be diminished, instead of 
increased. 

As a commencement of this process, the base to be measured 
should, if possible, be placed so that there are two stations, 
one on each side of it, which can be used for the first triangles 
and consequent extension of the base. 
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Here AB is the measured base, C and D the two first 
stations. Angles are observed at A, B, C, D. The other two sides 
in the triangles A B C, A B D being found, C D can be found 
in both the triangles A C D, BCD, which will check the 
result, and C D will be the extension of the base for further 
triangulation. 

Of course this desired convenience will not always be 
foimd, but it is a thing to look out for. 

It is by no means necessary to measure a long base, pro- 
vided that convenient triangles can be found for extending 
the base by calculation. If the angles of these are of the 
necessary number of degrees, and they are carefully observed 
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with theodolites, a short base, measured on flat smooth gromid, 
will give a traer result than a longer one measured over 
inequalities. With a sextant survey it will be well to have 
as long a base as possible. 

The ground having been walked over to ascertain it will Plantiiig 
do, and that the base stations (the ends of the base), are so !!|!I^yi„g 
placed that they see as much as possible on all sides : set ^7* 
up the theodoUte at one end, and at the other a flagstaff or 
another theodoUte, and let a man plant staves (boardiag pikes 
make good ones), exactly in line between the two stations, 
giving him the position for the first two or three, by looking 
through the theodolite directed to the other station. After 
these are in place, he can plant the others in line by guiding 
himself by them. 

Having the staves placed and in line, begin to measure from \ 
one end. If two persons are to measure, begin from opposite S^ 
ends. A man is required for each end of the chain. The 
man at the foremost end of the chain carries ten pins, and 
the surveyor attends with his book to see the chain fairly 
placed in line between the staves, and to note down each 
length of chain measured. Do not let the men stretch the 
chain too tight, but it must lie straight on the ground between 
the two ends. 

The chain being down for the first length, measuring from 
under the centre of the theodolite, put a pin in the ground, 
at the foremost end, in«idt the handle, and touching the flat 
side. Make a mark in the note book, and walk on together, 
the man at each end lifting the chain as much as he can, 
until the hindermost comes to the pin. He must then 
place the (nU»ide of his handle so as to touch the pin. 
Another pin is put in at the foremost end inside the handle, 
the second note made in the book, the first pin taken up by 
the hindermost man, and on you go. 

The lengths are best noted by strokes, crossing every fifth 
over the four, as in ordinary tallying. 

Check at every ten lengths by the number of pins. When 
the tenth stroke is made, the foremost man should have no 
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pins left in his hand, and the other man should have nine, 
the tenth having been just put in. 

The odd feet and inches in the last length are measured hj 
counting the links, which are each a foot long. 

In walking forward, take care that the hinder man does not 
overwalk the former, or the chain will have a bight dragging 
on the ground, links will catch in something and get bent, 
and the error of the chain will be very diflFerent when retested, 
to what it was before landing. 
SepetltiML The number of times a base must be measured depends on 
ndoaMuy. ci].(jujjjgt;j^jc0a jf fQj. ^ harbour plan, only twice, if they 
agree to a foot or two, will be suflBcient. For a survey of 
greater extent, three or four times will be more satisfactory, 
unless the two first measurements agree very well. 
biequaU- Perfectly level ground can seldom be found, and the sur- 
veyor must make an allowance for inequalities by his judg- 
ment, which will be of course always subtracted from the 
measured length. 

The chain must be tested for length, before and after 
measuring the base, to ascertain the error. 



BASE BT DrFFEBENCE OF LATmTDR 

When two stations are available from twenty to thirty or 
forty miles apart, visible from one another, and bearing not 
more than two points from the meridian, having also a few 
intermediate points visible from both, a very good base can 
be got by latitudes, and careful true bearings. 

The base will then be diff. lat x 4KMI. Mercatorial 
bearing. ^^ 

By means of the intermediate points, triangles can be 
calculated down to a workable length of side for fixing 
marks. 

Where no smooth ground for measuring a base can be found, 
and we want our scale to be near the tnith from the first, 
this method is valuable. 
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BASE BY KA8T-HXSAD AKGLB. 

This consists in measuring, with a micrometer or sextant, 
the angle between the mast-head of the ship and the hammock 
netting, or some other fixed line on the ship's side, not the 
water-line, as that varies. 

The vertical circle of a theodolite being only marked to 
minutes, unless it be a much larger one than is generally 
available, is not sufBiciently accurate for this. 

It is well to use two sextants to check errors, and read them 
both on and off the arc. 

The height of mast-head above the line must be accurately 
known to give a good result. 

Working out a right-angled triangle gives the distance 
required. 

A table should be formed of the distances corresponding to 
different angles of the masthead of the ship, as this will be 
frequently used in sounding banks. 



BASE BT AKGLE OF BHOBT HBABUBED IiENGTH. 

Where the ship is not available, a base for a small plan can 
be obtained by measuring the angle between two well- 
defined marks placed in the groimd at a carefuUy-measured 
distance apart, or that subtended by the ends of a long pole. 

This must also be done with the sextant, or micrometer. 

If staves in the ground are used, care must be taken that 
they are at right angles to the required base. Similarly, if a 
pole is used, care must be taken to hold it at right angles to 
the observer, which can be ensured, either by having a pointer 
nailed on to the centre of the pole projecting at right angles, 
and which must be directed towards the observer by the man 
holding the pole in both hands horizontal, or by simply 
waving the pole, held in this position, backwards and 
forwards gently, when the observer will register the larglest 
angle he observes as the correct one. 
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The angle observed should not be smaller than 1°, which 
with a distance of 20 feet, will give a base of over 1100 feet. 
It woidd be better, however, if practicable, to get a base by- 
means of a longer distance, and larger angle than this, when 
a very trustworthy result will be obtained ; or to be content 
with a shorter base, and extend it by angles, as already 
described, to a longer working base. 

Measurements must be made on and off the arc, and it would 
be weU to use more than one sextant. 

Small lengths of this kind may also be measured by a micro- 
meter, but a sextant wiU give just as good results, and is in a 
ship always handy. 

No appreciable error will be introduced by taking distance 
= length of pole x cot. angle. 

MEABUBBD BASE BY BOFK 

Measuring by a rope is of course not accurate. It is diffi- 
cult to avoid stretching it more at one time than at another, 
and if it gets wet, it alters its length considerably. K 
measuring over ground where it is sure to get wet, it will 
be better to wet it well beforehand. Test it in that condi- 
tion, and keep it well wet all the time of measuring. 

BASE BT SOXTNB. 

This consists in counting the interval of time which elapses 

between the sight of the flash of a gun, and the arrival of the 

sound of the explosion, the gun being at one end of the 

required base, and the observer at the other. 

Final lealo Becourse is had to this method of obtaining a base when 

!^^d on* ^^ ^^^ ground can be found on which to measure. Its accu- 

base by racy is not great by any means, but, if the final scale of the 

^^^ chart is to depend on astronomical positions, it is quite near 

enough for working out details such as heights, small parts 

measured with ten-foot pole, &c. 

Its value is much increased by observing from both ends 
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which should always be done if possible, and a surveying U«Bftil 
vessel should have two small brass Cohom mortars supplied 
for this purpose, which can be sent away in a boat, and 
tumbled overboard without damage. 

The ship is often used at one end of a base by sound, 
especially in work amongst small islands, and it is also neces- 
sary sometimes to have a boat at the other, but if at any rate 
one shore station can be obtained it will be better. If choice of 
direction can be had, measure with the wind across the base, 
as, though the error from increase and decrease of velocity is 
eliminated by measurement from both ends, the sound may 
be difficult to hear against the breeze, if at all strong. • 

For either end choose positions for the hearers as much out 
of the wind as possible, aa it is the whistling of it in the ears 
which disturbs the receiver more than anjrthing. 

A base of three miles is a very good length, but the sur- 
veyor will generally not have much choice in this matter. 
Needless to say, on a calm day the sound will be heard farthest 
and easiest, but the choice of days is seldom possible in 
practice. If we waited for the best opportunity for every 
detail of a survey, it would never get on, and the utmost that 
can be done is, when there is alternative work for which the 
day or opportunity is more suited, to take that in hand. 

The guns from the two ends should be fired alternately, at ffignal to 
regular intervak, and at some preconcerted signal, as dipping ' 
from the ship a flag visible from both stations, which should 
be hoisted a minute or half a minute before as warning, or 
rehoisting a dipped flag steadily, the gun being fired as the 
flag reaches the masthead. It is distracting to the receiver 
to be waiting an indefinite period for the flash. 

A chronometer watch is the best, beating five ticks to the Wtteh^to 
two seconds. An ordinary watch which beats nine ticks in 
the same period, goes at such a pace as to be rather confusing, 
especially when not in practice, though, if the observer is used 
to the process, he will measure as accurately with an ordinary 
watch, and possibly more so. 

When awaiting the flash, hold the watch to the ear and 
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Pnpara- count to yourself — nought, nought, nought, &c., continually, 
S Stiring , keeping time with the ticks ; you will then be ready to com- 
mence — one, two, three, &c., as soon as you see the flash or 
smoke of the gun. 

If going to use a telescope to watch for the warning signal, 
tie the watch over the ear with a handkerchief, which will 
leave both hands free. 

Count only up to ten or twenty, and mark oflf each ten or 
twenty by putting down a finger of the unoccupied hand, or 
by some such means. 
Bepeti- K time allows, three or four measurements should be made 
each way, or more if they do not agree with one another. A 
signal must be arranged to ask for more than the number 
previously settled, if it be wanted. 
Oaimiiat- In meaning the result, the arithmetical mean is not strictly 
JJ5^ correct, as the acceleration caused by travelling with the 
wind, is not so great as the retardation caused in the opposite 
direction, as in the latter case the disturbing cause has clearly 
acted for a longer period. The formula used is 

'^ t + t^ 

when T is the mean interval required, 
t the interval observed one way, 
t^ the interval the other way. 
The mean interval thus found, multiplied into the velocity 
of sound for the temperature at the time, will give the re- 
quired distance. 
Yelodtj of The velocity of sound varies considerably, and an accurate 
«>«^ law for all its causes of variation has not yet been discovered. 
The main cause is, however, temperature, and for this it can, 
to a certain extent, be corrected. 

The most trustworthy experiments made, show^that sound 
travels about 1090 feet in a second of time, at the temperature 
of 32° Fahrenheit, and increases at the rate of 115 foot 
for each degree of temperature above the freezing-point, de- 

* See Appendix G. 
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creasing in the same proportion for temperatures lower 
than 32°. 

This is the only correction that can be made, and a base 
measured in the manner described, with these data, will give 
an approximation sufficiently near for all practical purposes. 

As an example, let us suppose A and B the two ends of Bzamplo 
the base to be measured. Soimd. 

At A have been observed : 

44 beats with watch beating 5 beats to 2 seconds 

45 

44 

Mean 44*33 beats = 18532 seconds. 

81 beats with watch beating 9 beats to 2 seconds 

82 

83 

Mean 82 beats = 18*222 seconds 
Mean at A = 18*376 seconds. 

At B have been observed : 

85 beats with watch beating 9 beats to 2 seconds 

87 

88 

Mean 86*66 beats =r 19*258 seconds. 

47 beats with watch beating 5 beats to 2 seconds 

47 

48 

Mean 47*33 beats = 18*932 seconds. 
Mean at B = 19*095 seconds. 

Then working T = , 

t T" t 

we get T = 18*728 seconds. 
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Temperature is 80°, at which velocity of sound is 1145*2 feet 
per second. 

This midtiplied into the interval, gives 21448 feet for the 
length of our base. 

The temperature must be taken in the open with the 
thermometer shaded from the direct rays of the sun, but not 
in too cool a spot^ or it will not give the true temperature of 
the free air. 



( (>1 ) 



CHAPTER IV. 

THE MAIN TRIAl^GULATION. 

The main triangulation has been already defined as '' the Deflnitioii. 
establishment by means of angles of a series of positions, 
from which and to which angles are afterwards taken, to fix 
the secondary points of the survey." 

All positions from which angles are taken, with the inten- Main sta- 
tion of fixing other objects, are called " stations," the symbol *^**^ 
for which is A, but the ones with which we are immediately 
• concerned, that is, the first and important positions, are dis- 
tinguished as "main stations," and these collectively form 
the " main triangulation." 

The first object of main stations is to see other main sta- 
tions, and with this in view their positions are chosen accord- 
ingly ; but angles to everything useful, secondary stations, 
marks, &c., are, of course, taken as well. 

Secondary stations are those from which angles are taken Saoondary 
solely to fix the. smaller marks and details, etc., of the survey, stations. 
They will be nearer together than the main stations, and may 
often be perforce so placed as to be useless for any other 
object. 

All objects fixed and plotted on the skeleton chart are Points, 
known as " points." A " point " may be a main station, a 
secondary station, or simply a mark; but when fixed and 
plotted on the sheet, with the intention of using them in the 
survey, they are one and aU spoken of by the generic term of 
"points." 

Main trianenilations may be divided into two kinds : " cal- Varieties 
culated," in which the triangles are all worked out, so that m<^y ^' 

F 2 
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the length of any side, or the distance between any two 
main stations, can be found; and "plotted," in which 
the main stations are simply the first points laid down on 
the paper. 
CUenlatod A calculated triangulation is used in any detailed survey, 
tions. in plans, or whenever from circumstances it is convenient 
to have different parts of the same survey on separate 
sheets, which can therefore afterwards be put together in 
the engraving, without any fear of their not fitting into 
one another. 

Bases for plans, on a larger scale than the rest of the chart, 
can often be taken out of a calculated main triangulation 
without measuring separate small lengths. 
Plotted Plotted triangulations may further be subdivided into 

J^JJ***^ "regular" and "irregular." 

A plotted regular triangulation will be when triangles have 
been obtained which could, if requisite, be calculated tri- 
gonometrically ; but, as frequently in marine surveys there is 
nothing to be gained by this, we content ourselves by only 
placing the triangles on the paper. 

It is more satisfactory that triangulation should be regular 

if possible, but it very much depends upon the nature of the 

coast to be surveyed, in what manner it can be carried out. 

Irregular In many extended surveys, where, for instance, the land is 

^jJ^pQi^ low and densely wooded, or perhaps bordered by reefs to a 

tions. great distance from the shore, a regular triangulation is 

hardly possible, or would entail so much loss of time as would 

not justify its being undertaken. 

The main points must be plotted in these cases by aU sorts 
of means. The ship enters largely into the scheme, and fre- 
quently boats also. Stations may have to be fixed solely by 
angles observed at them. True bearings are freely used in 
the construction of the chart, and any regular system of 
triangles disappears. 

A large proportion of existing charts have been, and many 
more are now being, constructed, by means of irregular 
plotting. 
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A siirvey can often be commenced with a regular triangu- 
lation, when it will be found necessary, after having advanced 
a certain distance, to have recourse to irregular means to fix 
main stations. 

Here it is, when ordinary rules and systems fail, that the 
skill of the chief of the survey is shown in overcoming these 
difficulties in the readiest and best method, and these are the 
circumstances on which we can give the fewest hints. Such 
as we do mention will be found in the next chapter on 
Plotting. In the present one we shall confine ourselves to 
regular triangulations. 

The angles of the first few triangles in a triangulation, com- Chmit ftoeu- 
menced on a measured base, will require to be extra-carefully J^ ^ 
observed. For, as we shall be increasing our distances inWanglet. 
each triangle, until sides long enough to carry on the trian- 
gulation without further enlargement are arrived at, any little 
error in an angle will give a larger error in the resulting side. 
These first triangles will nearly always require to be calcu- 
lated, as already remarked under the head of Bases, in order 
to get a side long enough to plot from, whatever it may be the 
intention to do afterwards. 

Although we are about to speak of triangulation f rom Tritngiil». 
shore stations, as carried on by means of the theodolite, sextSL 
as this instrument is always available in a surveying ship, 
it must be understood that, with care, an excellent triangu- 
lation may be obtained with that invaluable instrument, 
the sextant. 

The point on which care is principally needed, is that the Horiwntol 
angles measured should be horizontal angles. A practised J^** 
surveyor will usually be able to note some small natural mark, *«rtaiit. 
directly above or below the object whose angle is required, 
and at his own level, to which to measure his angle, and in 
most cases of using the sextant this will give a sufficiently 
near result, but if forced to use the sextant for triangulation, 
another means may be used. 

From the end of a longish pole (boat-hook staff will do), 
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planted at a slight angle from perpendicular, let a plumb line 
fall, and getting the object transit one point in the line, the 
angle can be taken to any other part of it. The plumb line 
must not be too close to the observer, or it will be difficult to 
keep the transit on, and parallax will creep in. 

It is a question of circumstances as to whether the main 
triangulation is to be carried on by itself first of all, or 
in combination with the secondary stations and marks. 
This in noways affects the principle of the work, but Tonly 
the detail of what is done when the angles at the main 
stations are observed. 

The main triangles should be as large as possible. The 
fewer triangles there are, the fewer are the chances of errors 
of observation. 

MAKINa A MATET STATION. 
ChoiM of Observing angles at a station is technically called " making " 
it. Let us suppose a surveyor making a first station, probably 
one of the base stations. 

He has been previously furnished with a list of the main 
stations visible from him, and has been told how many times 
his angles to them are to be repeated. He has also received 
instructions about the secondary stations and minor marks, 
if any have been selected and marked. 

Having levelled the theodolite, the first thing is the choice 
of an object from which to measure all the angles, which is 
called the zero. 

A zero should be, if possible, another main station. It 
must be at some distance, but not so far as to be easily ob- 
scured on a hazy day ; well defined ; so placed that the rays 
of the sun, when it moves from the position in which it 
happens to be when the station is commenced, will not ob- 
literate it. It should be a fixed object, i.e. not likely to be 
removed, or to tumble down, and not so high as to be covered 
with clouds, as a mountain peak. 

A great deal of trouble is given when a zero has to be 
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chaagedy or when on a subsequent visit to a station the same 
zero cannot be had ; so care must be taken on the above-men* 
tioned points to prevent this happening. 

The bearing'of the zero by the theodolite compass should 
always be entered in the book. 

The zero fixed upon, and the theodolite directed upon it, < 
observe the main angles, or those to the main stations, first, ^^ 
repeating them the required number of times, by either of the flnt. 
two methods described imder " Theodolite." 

These completed, observe the secondary stations a sufficient 
number of times, as well as all marks and conspicuous 
objects. 

In most instances a sketch wiU be also necessary, on which 
the angles to conspicuous objects, tangents, &c., will then be 
recorded, instead of in the book. 

All angles should be read twice, in order to prevent mistakes ; B«p«titio& 
but to ensure accuracy when required, the angles must be re- ^^^^^ 
peated on different parts of the circular arc, for the following 
reasons : — 

A theodolite, however well turned out, is seldom exactly 
centred, hence arises error; as no matter how uniform the 
graduation of the circular arc may be, a slight deviation of 
the axis from true centring will give a difference of reading 
for an angle on different parts of the arc. 

The sum of the readings of the two verniers is supposed to 
correct errors of centring, but for remarks on this, see 
"TheodoUte." 

The reading itself of an angle can never be considered as 
perfectly correct. Slight parallax frequently exists, especially 
when an instrument has been some time at work, and is 
getting worn. In small theodolites the marking of vernier 
and arc at any given angle will often not coincide exactly, and 
judgment may assign the wrong reading. 

By multiplying readings, then, a mean will be obtained 
which will to a great extent eliminate these errors, and this 
must always be done in observing main angles. 
Excepting for main angles, forms ruled in the angle book 
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are nnnecessary, and in this case the form is simple, consisting 
of columns to keep the figures separate, as under. 

h July 4th, 1881, at Pagoda A, Theod. 77. 



Compari- 

loiiof 

KoUiods. 



A«- 



® Patero A 
Mango A(flA8i^) 



Z Obeenred. 



360 00 00 
25 14 30 
50 29 30 
75 44 00 

100 59 00 

Mean 



IMfferenoe. 



25 14 30 
25 15 00 

14 30 

15 00 



25 14 45 



h July 4th, 1881, at Pagoda A. ® Patero A, Theod. 77. 



e 


PrinoeA 


FlagA 


Snow A 




360 
100 
200 
300 

Means 


O t It 

24 18 00 

124 19 00 

20 00 

19 00 


o in 

29 10 30 
129 11 00 

10 30 

11 00 


O t II 

48 26 00 

148 27 00 

27 00 

27 00 


Z.O.K. 
Z. 0. K. 
Z. 0. K. 
Z. 0. K. 


24 19 00 


29 10 45 


48 26 45 





The first of these forms is adapted for the observation of 
main angles by repeating round and round singly ; which is 
done when a solitary angle is required to be observed accu- 
rately. 

The second is for ordinary main angles. This method saves 
much time when there are a number of angles required, and 
is as correct as is generally necessary. 

The weak point of the first method is that the zero cannot 
be referred to, but, as only one angle is taken each time, 
a theodolite must be very much out of order to introduce 
error. 

If the angle to be observed is small, this method will not 
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answer the purpose, as the theodolite will only be rotated 
through a small part of the circle, unless an inconveniently 
large nnmber of repetitions be made. 

The weak point of the second method is that any slight 
error in setting or reading the zero, affects every station ob- 
served ; whereas in the other, the vernier being once set at the 
commencement, is afterwards read only. 

By either method, the observer will see if his different ob- 
servations of each angle are agreeing together, and can take 
more if requisite. 

In all observations of angles with the theodolite, (except the Voriiyiiig 
case referred to above,) the zero must be looked at from time * ™" 
to time, and invariably at the conclusion of the set of angles, 
to make certain that the direction of the instrument has not 
changed by any unnoticed touch or shock. On every occasion 
of doing this it must be noted in the book, so as to know, in 
the event of the zero presently being discovered to be wrong, 
how far back the angles must be recommenced. A common 
form of notation of this is, Z.O.K., or Z.K., for zero correct. 

K the zero is found continually getting displaced without Betorti of 
any apparent cause, something is loose, and this must be j^^^^ * 
looked to at once, or nothing will be satisfactory. The parts 
most liable to go wrong have been mentioned under the head 
of " Theodolite." 

If using a heliostat, it must be placed in front of the theo- Amage. 
dolite, in the direction of the station to which you mean to using 
flash. When the stations are distant one from the other, it is '^^^'"^^ 
desirable to arrange who shall flash first; the receiver of 
the flash, say at A from B, then takes his angles to it, and 
does not direct his flash to B until he has got the requisite 
number of repetitions. When he does flash to B, the latter 
will know A has done with him, and can direct his flash to 
some other station, while he observes A. When B in turn 
has finished with A, he must give the latter another flash to 
acquaint him with the fact. A's turning off his flash will 
show B he understands. 

As already remarked, the amount of time saved when the 
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Eelioitat 
invaln- 



sun is visible, by the use of a heliostat, is incalculable. It 
is useful for long distances, and short also, and on all sorts of 
occasions, and is, in fact, one of the surveyor's greatest friends. 



FAIiSE STATION. 

It will often happen that a beacon having been erected, the 
theodolite cannot be placed exactly on the spot, at any rate 
without a great deal of trouble ; or if a building or tree has 
been selected as a station, that the observer finds on going 
there, that he has to make his station on one side of it in order 
to see what he wants, or has to make a supplementary station 
to see a few objects obscured by the building, &c. This is 
called " False Station," and if the object is already plotted, or 
it is desirable to plot it instead of the actual theodolite spot, 
the angles taken there must be corrected for the distance the 
theodolite waa from such object. 

The correction will vary according to the direction of the 
objects with r^ard to the true station, as the figures annexed 
will show. 



FIGS. 




In Fig. 8 let A be the true station at which angles are 
required; B the false station; D, E, F, H objects so placed 
as to illustrate all positions of false and true stations with 
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regard to them. We have observed at B the angles to D, E, 
F, H, and A, and measured the distance 6A. 

Firstly. Eequired the angle BAD. 

Produce 6 A towards C and Z. 

NowEAC=EBC+BEA 
andDACssDBC+BDA. 
Subtracting, we have 

EAC-DAC=EBC-DBC+BEA-3X) A 
or EAD=EBD+(BEA-BDA). 

Secondly. Eequired the angle E A F 

Here ZAE = ZBE-BEA 

and . ZAF=ZBF-BFA. 

Adding, we get ZAE+ZAF=ZBExZBF- (BEA + 
BFA) 
or EAF=EBF-(BEA+BFA). 

Thirdly. Eequired the angle D A H. 

Here CAH=CBH+BHA 

and CAD = OBD+BDA. 

Adding, we get D AH=DBH+(BH A+BDA). 

These small angles, B D A, B E A, &c., the angles subtended 
by the distance between true and false station at each object 
observed, must be either calculated in each triangle, having 
two sides and the included angle (for the rough distances 
B D, BE, &c., will answer the purpose), or dse, which is 
simpler, have a table* made of the angles which are sub- 
tended by different lengths at different distances, and take 
the required angles out, thus. 

Let us suppose the theodolite angle in our book correspond- Oalonla- 
ing to A is 60^ D 160°, and E 220° AB is 12 feet. EBis^^'^ 
\\ miles, and B D 2 nules, measured roughly on the sheet. TaUo. 

Eequired B E A by the table. 

It will be evident that the angle B E A is that subtended 
by a chord drawn across to E A from B. This chord we get 
near enough by considering B N as at right angles to both E B 



* Appendix, Table P. 
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Arraage- 
mmtt for 
working 
byfho 
Table. 



and EA, and looking out in the traverse table with B A, or 
12 feet, aa a distance, and BAN or 20° (180°— 160°) as a 
course, and taking the departure for the length of B N, which 
in this case is 4' 1 feet. 

We then turn to our table, and see that four feet at \\ 
miles subtends 1^31", which is the angle B E A. In a similar 
manner we can deduce any of the required angles, quite 
near enough for ordinary purposes. 

Now this process becomes far simpler, and much time is 
saved, if, in making a false station, a zero for the theodolite 
is chosen in a direction exactly opposite to the true station, 
as, for example, in our figure at Z ; for then each angle taken 
can easily be corrected separately for the error of the false 
station, and the true angle entered in the book. Difficulties 
as to whether the ultimate correction is + or — will be 
avoided, as in correcting the angles the error is subtracted 
from all theodolite angles up to 180°, and added to all angles 
between 180° and 360°. 

Thus, in the case as in the figure above, the angles will 
stand in the book — 





01]|Ject. 


Obserred Angle. 


CoxTecuon. 


Angle at tree A 








o 


/ // 


O 1 » 






Zero, Z 


360 


00 


360 00 00 






F .. 


50 


2 08 


49 57 52 






H .. 


130 


1 42 


129 58 48 






D .. 


280 


3 23 


280 03 23 






E .. 


340 


1 31 


340 01 31 





In using the traverse table, take for the course — 
Up to 90° the observed theodolite angle itself 
Between 90° and 180° . . . 180°— the observed angle 
„ 180° „ 270° ... observed angle— 180° 
„ 270° „ 360° ... 360°— observed angle 
— and the departure is looked out in each instance. 

The table of angles subtended by different lengths is useful 
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for other purposes. As when an angle is taken to an object, Table 
and it is afterwards decided to plot a station made near that JSSl!^^ 
object instead of the object itself, the angles to the station can 
be corrected by it, in precisely the same manner as described 
above, the distances and direction of the station from the 
object being known. 

Distances or lengths, greater than those included in the Xxtemion 
table, can be got by multiplication or division. ^ 'itXiB. 

Thus, if the angle of 18 feet at 5 miles is required, it is 
double that of 9 feet. 

Again, if the angle of 12 feet at 10 miles is wanted, it is 
half that at 5 miles. 

SKBTCH. 

A sketch taken from a station is made with the object of 
more easily identifying details to which it is necessary to 
take angles. By having a view of hills, islands, houses, 
trees, &c., from two or three stations, they can, if fairly placed 
in their proper positions, be easily recognised in the different 
sketches when plotting. No description in the angle book 
will do this so weU, unless, of course, there is something very 
remarkable in the object, but even then the position of it as 
shown in the sketch will assist materially to prevent mis- 
takes, and a curt description is also written against it on the 
sketch. 

Sketching to this extent is within anybody's reach. A 
fairly correct outline is all that is absolutely necessary, and a 
very little practice will enable the least likely draughtsman 
to make a sufficient sketch for practical purposes. 

It is well for a beginner to commence by taking some cheeking 
rough angles to check his scale, or, until he is used to it, he ^^^•^y 
will probably have one part of his view two or three times as 
big 88 the other, which is confusing afterwards, although the 
proper angles will be written against the prominent objects 
when the sketch is finished. 

Always put the most distant outline on the paper first, as Preserrt- 
it is far easier to keep the scale uniform if this is done. ^^^ 
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Begin on the extreme left of your view, or if it is an all 
roTind view, choose a point, in the direction least required, to 
be the left, and always work to the right. 
llMfttl If the sketch is too long for one double page of the sketch 

sketoh^. ^^^^^» when the right-hand end of it is reached, turn over, 
and turn one or two inches of the last page down, so as to 
show on the fresh page, this will give a commencement for 
the part to follow, and the sketch will be continuous. 

Commence by settling whereabouts on the paper some two 
well defined points of the distance are to be, and use these 
after aa a scale from which to measure by eye the proper 
position of everything else. 

If taking angles to assist correct drawing, as suggested 
above, a scale for the sketch must be decided on, say about 
one third of an inch to a degree, but this will vary a,ccording 
to the complication of the sketch. If no divided scale is at 
hand, mark the edge of a strip of paper by eye, which will 
answer the purpose perfectly. 

Take an angle from some definite point of the distance on 
the extreme left, to some other, say about 20° to its right. 
Make a dot for the first object, lay the scale or strip of paper 
on the sketch, and dot again at the proper number of degrees, 
and, at the proper height, with regard to difference of altitude, 
for the second object. . Other angles can be taken to other 
objects between these, and the view sketched in between 
these dots, commencing as already said with the outline most 
distant, and therefore highest in the sketch. 

In sj:etching for this purpose, it is well to rather exaggerate 
the height of objects, as, where there are hills, range upon 
range, or many objects, as houses, trees, &c., at different 
altitudes, they will get so crowded up as to make the sketch 
difl&cult to decipher, unless this course is adopted. 
Importa&t The great thing in a sketch is to place objects fairly cor- 
obiSr^. rectly with regard to each other horizontally considered ; e,g., 
if there is a hill, with a point nearly underneath it, take care 
that the latter is drawn on the correct side of the hill, right 
or left. Nothing is more calculated to confuse anybody plot- 
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ting angles from a sketch, than to find that an object drawn 
apparently to one side of another object, has an angle which 
shows it should have been on the other side. Donbt is at 
once thrown on the angle, when it is probably the drawing of 
the sketch which is incorrect. 

When the sketch is finished, resume the theodolite, using Deiorip- 
the same zero, and mark the angles on the sketch itself, ^^^^ 
noting what the object is, when it may be doubtful, as for Sketoh. 
instance — Chimney of red house, Eight of two fir trees. 
Big white boulder, &c. See example of sketch attached. 



FBEPABATION FOB CAIiCULATINa THE 
TBIAKGXTIiATION. 

It is well that a true bearing be obtained bkween two A baazinf 

distant stations, before plotting ; but the method of doing this f^orifln. 

will be described under observations, and as far as absolute i**""^ ^ 

Ohart. 
necessity goes, a good compass bearing from a shore station is 

quite sufficient to begin on. The bearing is only wanted to 
plant the meridian fairly square on the paper, and the com- 
pass bearing will give us this, near enough to be able to lay 
ofTany bearings which may be taken in the course of mapping 
the detail. The compass wiU never be used in any of the 
important part of thfe chart, unless our survey partakes of 
the nature of a sketch or running survey. 

If, however, regular triangulation is likely to fail, true 
bearings in the course of the work may be necessary to carry 
it on, and in this case we mvst begin with a careful true 
bearing. 

In preparing the triangles for working, they will of course Prepaim- 
never be found exactly correct, i.e. the three observed angles TrUngles. 
will be either more or less than 180^ 

In dealing with this theoretically, the sum of the three Sphezioal 
theodolite angles taken at the comers of any triangle will ^ 
be greater than 180°, in consequence of each angle observed 
being in a different plane. This is known as the spherical 
excess, and in extended triangulations for topographical pur- 
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poses, as the survey of India, &c., must be taken into 
account. For practical nautical work we need not regard 
it, as our instruments are not large enough to measure angles 
so exactly, nor is our work of sufficient extent. 
Correoting In dealing with the amount the triangle is in error, for the 
Tri ft Ti ffi^ three angles of the triangle must be corrected to make the 
precise 180°, before using them for calculation, circumstances 
must guide its distribution among the angles. 

An angle observed with a large theodolite should have 
more value given to it than others. One station may have 
been more exposed to the wind than others, which would 
depreciate the value of the angles observed there. 

Without any indications of this kind to guide, it is as well 
to divide the error equally among the angles ; but it must be 
remembered, that an alteration in the small angle will make 
more difference in the resulting position than in either of the 
other two, so that if this angle at all approaches the limit 
which should be used for a receiving angle (30°) it is perhaps 
well to put the smallest amount of change into it, but it is of 
course impossible to guess where the error is. If the angles 
have been repeated often enough, the resulting error any way 
will be very small. 
Error ad- If o rule can be laid down with regard to the amount of 
TxianglM. deviation from the 180 that can be admitted, it so much 
depends on the degree of accuracy required, but in an 
ordinary theodolite survey the error should not be more than 
three minutes, and ought to be under two, working with five- 
inch theodolites, and repeating the angles three times if satis- 
factory, or more if they vary much. 

In the first few triangles, the error should not be more 

than one minute. 

Calonlft- Having corrected the triangles we come to the calculation. 

S^pi^ The working out of the triangulation is the very simple 

affair of plane triangles which every naval officer understands. 

The rule of sines, and the rule to find the third side,* when 



• The rule where sines only are involved must be used. 
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two sides and the included angle are given, are all that 
are required. 

Logarithms of all angles must be taken out to seconds, Lom- 
so that the possession of tables giving these for every second j^JJJ* 
of arc, will save much time and chance of mistake. 

Into the final calculation of an extended calculated trian- Oonvtr. 
gulation some other considerations enter. iP«"«y- 

The actual working of the triangles will be the same ; but 
here we want the bearing of every side, as well as the 
distance, and the " convergency of the meridians " must be 
considered. This convergency will be explained before pro- 
ceeding further, 

CONVSBG15NOY OF THB MEBIDIAN8. 

The true bearing of any two points on the earth, taken one 
from the other, in both directions, wUl be found to differ by 
a quantity which is called the convergency, and varies with 
the latitude, distance apart, and position of the points' in 
bearing, or in other words, with latitude and departure. 

Thus, if R and L are two stations lying roughly N.E. and niiistx*- 
S.W. of one another, E being nearest the pole, in this case the ^ 



North Pole, the true bearing of L firom B will be found to be 1 
a greater number of degrees and minutes as measured from 
the meridian than the reverse bearing of B firom L. 

This results from the form of the earth. The true bearing Srp]«iiA- 
of one position from another, is the angle which the arc of a *^"^ 
great circle drawn between the two positions makes with the 
meridian of the observing position. As meridians are not 
parallel, but converge at the poles, the great circle will cut' 
each meridian it passes at a different angle, the amount of 
difference, for equfid meridians, depending on the latitude. 

To further the comprehension of this, let us consider the 
method of projection of the sphere used when graduating 
a map, made from the original data of angles and measure- 
ments. 

It will be evident to any one who considers the subject 

G 
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Px«tiootioiu that as our globe is a sphere, (speaking roughly,) a portion of 
totot. ^*® surface cannot be shown on a flat piece of paper without 

distortion, more or less, according to the extent so shown. 
There are a variety of methods used to delineate a portion 

of the earth's surface on a map, which are called " projec- 



FIGrlO. 




tions." Into this variety it is not proposed here to enter, as 

but one can be used when actually making a survey, which 

is the " Gnomonic Projection." 

Chiomonio This projection is the only one on which great circles 

^^ of the eartii are shown as straight lines. As it is on the 
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chord of a great circle that we see one object from another, it 
is evident, that in graduating a map on which we have laid 
down, or are going to lay down, one poaition from another by 
drawing straight lines, we must use this projection. 

A chart on the Gnomonic Projection is supposed to be 
drawn on a flat surface laid against the earth, touching it at 
the central point of the flat surface, and there only. From 
the centre of the earth lines are supposed to be drawn, passing 
through the different points to be shown on the map, until 
they pierce the flat surface. 

The positions so indicated on the upper side of the flat 
surface, are those corresponding to the points required. 

Here, in Rg, 10, P Q S is the globe, and A B C D a flat 
surface laid against it, touching at the point J, the centre of 
the flat surface, the under side of which is shown. P is the 
pole. M F are points taken on the same meridian as J. 
Imaginary lines drawn from the centre of the earth through 
these points will touch the flat surface in N and G, and the 
line joining them, the central meridian of the chart, will be a 
straight one. K, another point on the globe east of the 
central meridian, will be projected at L, by the same method 
of drawing a line from the centre through K X is the point 
in which the axis of the earth, produced, meets the central 
meridian of the chart also produced. 

Let us again look at our flat surface, which we may now 
call the chart, from a different point of view, i.e. from a 
point in the extension of the line joining the centre of the 
earth and the central point of the chart. 

In Fig. 11 (p. 84), A B D is the chart as before, touching 
the spherical earth at the central point J. G and N are the 
positions on the chart of the points on the earth's surface, F 
and M in the other figure. G J N is then the central 
meridian of the chart. X is, as before, the point where the 
extension of this meridian meets the extended axis of 
the earth, L is the position on our chart of K (see other 
figure). E is the position of a similar point, invisible in 
first figure, being on the other side of the earth. Meridians- 

G 2 
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passing through L and B are projected on the chart by the 
same method as before, i.e. by drawing imaginary lines from 
the centre of the earth through dififerent points in the re- 
quired meridian ; they will be found to lie as T L, R 0, and 
their extensions will also pass through X, making an angle 
B X L, which is the Convergency of the meridians ; and this 



FIG IL 




will be seen at once to be equal to the difference of the 
reverse bearings of R and L, for, 

ZOBL=OXL+ELX 
or OXL=ORL-.BLX 

t.e. Conveigency = Bearing of L from B - Bearing of B 
from L. 

A little consideration of this last figure will show, that, the 
farther towards the pole the central point J is, the greater 
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will be the convergency of two meridians a fixed number of Conver- 
degrees apart; that when the pole P and J coincide, thej^i^? 
meridians will radiate over the chart from that centre, and ^r and 
the convei^ency will equal the distance between the aijr. long, 
meridians; and that when J is on the equator, the meridians •*'•!•■• 
will be parallel, and convergency will be nothing. 

ParalleLs of latitude will appear on the chart as curves, PtailUls. 
concave towards the poles, and cutting each meridian at 
right angles. 

The equator being a great circle will be a straight line, and, 
generally, the further from the equator, i.e. the higher the 
latitude, the greater will be the degree of curvature in the 
parallds. 

More consideration will show, that, the farther a part of iMftortifin. 
the flat surface is from the surface of the earth, the greater 
will be the distortion of the positions resulting firom this 
method of delineating the globe; or in other words, that 
the distortion increases from the centre of a gnomonic chart, 
and will become very considerable towards the edges, if a 
large area of the earth is attempted to be shown on a flat 
surface. But in practice, a marine survey does not extend 
over a sufficient area to make this distortion in any way 
apparent. Our diagrams are of course much exaggerated in 
this respect. 

It will be understood that the convergency is an actual 
fact, and does not result merely from the method employed 
in this projection. We have only considered it in connection 
with the projection, as it is thought that by so doing the 
nature of the convergency becomes more plainly apparent. 

The mean of the two reverse bearings, or either one of x«N«to- 
them, plus or minus half the convergency, will give theBalrin* 
Mercatorial Bearing, so called &om being the bearing which 
each station will be from the other in a Mercator's chart, where, 
the meridians being all parallel, the line joining the stations 
will cut them at the same angle, this angle being also the 
one at which the line on our gnomonic chart will cut a 
meridian midway between the stations. 

The actual observed bearing of a distant object, if pro- 
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tracted on a Mercatoi^s Chart, will not pass thxongh its 
position, in consequence of the existence of convei^ency. 
Mercator's charts are generally on snch a small scale that, for 
navigating purposes, l^e error of taking the bearing swallows 
up the error introduced by not allowing foy convergency. 
The formula for Convergency is — 

Convw- Tangent Convergency = Tan departure x Tan Mid, lat. (1) 

VozmnlB. Or in anything but high latitude, or when the departure is 
great, it is correct enough to say — 

Convergency (in mins.) = dep. (in mins) x Tan Mid. lat. (2) 
which can be converted into 

Conveigency = d. long x Sin Mid. lat. (3) 

„ = dist. X Sin Merc. Bearing x Tan Mid. lat. (4) 

any of which can be used as convenient. 
The proof of the formula is given in the Appendix A. 
OoiiTtr- The convei^ncy can also be found when the latitudes of 
^"^ and difference of longitude between the two stations is 
BplieriMl known, by working out the spherical triangle, with the pole, 
^^ *' and the two stations, as the three points. Here we have the 
two colatitudes as the sides, containing the difference of 
longitude as the polar angle, to find the other two angles, 
which wiU be the bearings of each statio;n from the other. 
The difference of these will be, as before, the convergency.* 



CAIiCUIiATING THE TBIANGUIiATIOir. 

We now resume our remarks on working out a calculated 
main triangulation. All sides being calculated by the ordinary 
method of plane triangles, we now want the bearing, the 
mercatorial bearing, of each side, or, at any rate, a consider- 
able number of them, in order that we can take any triangles 
or sides to work up details on, on a separate sheet, and that 
such sheet may be complete in itself as to bearing, distance, 
and position, with regard to other portions of the main 
triangulation. 

* See following article for application of Convergency. 
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We will take as an example the following : — 



PiQ le. 




Lat. A, 49° 30' 24" N. 

True bearing observed B from A. K 69** 05' 00" W. 

Angles Obierved amd as Oorreeted. 
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Bzample ^^ ^^^^ ^ ^'^ annexed figure (12) a portion of a triangu- 
iftod^ lation, where all the angles have been observed at each station. 
angnlA- The latitude of A is known, A B is the original long side 
obtained by extending the base, and the true bearing of B 
and A have been taken from one another, &om which we 
have deduced a mean bearing of B from A with which we 
intend to work. The length of each side has been calculated 
by ordinary trigonometry. We now want to calculate the 
bearings of the different sides, so as to be able to break up 
the triangulation into different sheets. We shall want also 
the latitude, and difference of longitude &om A, of F, which 
is a station in a plan on a large scale we have made. 

For the purposes of this plan we have obtained the side 
F C in the triangulation, which will serve as our base instead 
of measuring another. 

We shall conunence by calculating the convergency for ten 
miles of departure at the average latitude of the chart, as we 
shall want it directly. 
In this case we find that — 

Convergency for 10' of departures 11''92 
Or for each mile of departure =1''2. 

We then find approximate latitude of B by the formula — 

Diff. lat.sAB X Cos rough mercatorial bearing. 

We obtain the bearing, near enough for this purpose, by 
finding the rough convergency and applying half of it to 
the observed bearing of B from A, thus — 

Take departure from the traverse table, in this instance 
9-5. Multiply it by the convergency for a mile, just found 
to be 1^2, which gives us 11''4 as the rough convergency. 
Adding half of this to the bearing of B from A, we get 
rough mercatorial bearing N. 69° 11' W., and working out the 
difference of latitude, we find it to be 3' 38", which gives for 
the latitude of B, 49° 34' 02", and for middle latitude, 
49° 32' 13". 

Then convergency = dist. x Sin mere, bearing x tan mid. lat. 

Using the rough bearing just found, we get — 
Convergency for A B= 11' 13"-8. 
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This convergency, and half of it, added respectively to the 
bearing of B from A, will give the reverse bearing of A from 
B, and the mercatorial bearing, thus, 

B from. A=N. 69° 05' 00" W. 

A „ B=S. 69 16 14 E. 

Mercatorial bearing ■^- 69 10 37 ^' 

If this differs much from the rough mercatorial bearing, we 
must recalculate the latitude of B before proceeding further, 
but this should not be necessary. 

Then to calculate bearing of BE, we have the bearing of A 
from B, just found, to start from. . Adding the three angles, 
ABH, HBC,CBE, to it, we shall get the bearing of E from 
B. The convergency for BE is calculated in the same 
manner as above, and we shall then have mercatorial bearing 
of BE. Thus:— 

A from B . . . . S. 69*^ 16' 14" E. 

ABH 38 51 47 

HBC 59 33 27 

CBE 72 40 31 

EfiromB S. 240 21 59 E. 

Or .... N. 60 21 59 W. 
\ convergency . > . 12 26 

Mercatorial bearing N. /./xo o>i» o^ W. 
of BE . . . S. ^^ 2* 26 jj 

In like manner we must calculate the mercatorial bearing AppUoa- 
of all the sides we require; remembering that of the reverse ^ ^ 
bearings, the bearing of the station nearest the pole from the ( 
one £Eathest from the pole, is the smallest In this case then, 
being in the northern hemisphero, whero a bearing is measured 
from the north point, the convergency is added to obtain the 
reverse bearing. 

Having obtained the bearing of each side, we can calculate 
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the relative position of any two stations by working out the 
traverse between them. 

Thus to get position of F we have, — 

A B .... K 69° 10' 37" W 10-2468 miles. 

B C . . . . N. 12 20 56 E 191502 „ 

CF . . . . N. 1 24 17 W 2-5691 „ 

From which we calculate difiference of latitude and departure 

in the ordinary manner. 
We thus get the mercatorial bearing of AF,N.12°32'45"W., 

and distance 25*5269 nules. 
J^J'^ It will be understood that it is by no means necessary to 
Trianga- work out all the triangulation as just described when com- 
^JJjJ^ mendng the plotting. All that is then required is as long a 



. side as we can get on which to begin. The main triangulation 
2^^. can be calculated afterwards, and in many instances must be, 

as the whole of the angles will not be obtained till later on. 

In the majority of nautical surveys it will not be necessary to 

calculate any triangulation at all. 

Correeting In the example of triangulation we have given we have 

SSjf^foJ^ supposed ourselves to be working fix)m a measured base. If 

•"*' ^ the survey is extensive, the ultimate scale of the chart will 
t6niporuT 

depend upon the astronomical positions. It is very unlikely 



*••**• that when these are obtained, the distance between the ex- 
treme points depending upon them will agree exactly with 
that deduced from the short side, and therefore all the sides 
will want correction in probably both bearing and distance. 
The readiest way of doing this is to get a proportion 
between the two total distances, as found by the triangula- 
tion and by the astronomical positions respectively, in the 
shape of a logarithm, and multiply each side found by it 
which will give the true value as dependent on observations. 
The bearing of every side will have to be corrected by the 
difTerence of the bearings of the extreme points. 

Thus referring again to our example, (which, for the sake of 
brevity, we have confined to only a few sides,) let us suppose we 
find by observations that A F is K Vi"" 36' W. 26248 miles. 
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Dividing this distance by the former one, we get a propor- 
tion whose logarithm is 0'012097. Adding this to the log 
of each side required to be corrected will give us the true 
value. 

The difference of bearing is 3' 15" more to the westward. 
The bearing of each side will then have to be corrected 
by this amount. Thus the bearing of A B will stand 
N. 69° 13' 52" W. 

In a case of this kind the result of both triangulation and 
astronomical observations would be transmitted home, as 
their concurrence or otherwise -will form a good test of the 
value of the work generally. 

It win be observed that we have a triangle CDF with a ' 
very small angle. This not being a receiving angle does not \ 
matter in the least. We are obtaining the position of F from angiM not 
C and D, which are already fixed, and the angle of intersec- m!^raidi- 
tion at F being nearly a right angle, the change of position in tio»«*» 
F, resulting from a small error in the angle at either C or D, 
will be as small as is possible, and much less than if the 
angle at C being the same, that at D was 60°, which would 
result in the intersection at F being more acute, and any 
error would consequently change the position of F to a 
greater degree. 

If we were obtaining D from C and F, such a small angle 
would not be admissible for a moment, as it is evident that 
any small error at C or F would result in a great change of 
position in D. 

It would be awkward and inconvenient to have many such 
triangles in the main framework of the triangulation, as 'the 
small side is of no use in carrying on the chain, and we 
should be forced to multiply triangles in consequence ; but 
we are, notwithstanding, sometimes obUged to include some 
such in our work, from the lie of the land and other causes, 
and as long as we use them as in the example they will not 
affect the result, as far as chance of accuracy goes, and should 
not be under these circumstances considered as "ill-con- 
ditioned." 

In working out the diff. lat. and diff. long, of two posi- 
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CorreetloB tions from the triangulation geodetically, we have been 
Mieroid. ^'^^^g ^^ earth as a sphere. This is not strictly the ease, 
as the form of onr globe is that of an oblate spheroid ; but 
the error introduced by assuming it to be a sphere is very 
small, and can generally be disregarded in hydrographical 
work, as being swallowed up in the larger errors incident 
on imperfect triangulation. 

When, however, a triangulation has been carefully done, 
and we wish to get the difference of longitude as near as we 
can, either for the scale of the chart, or for purposes of com- 
parison with that deduced &om the astronomical positions, 
the necessary correction for the spheroid may be applied. 

This correction is 2 Cos' Mid. lat. x compression. 

The compression of the earth is the proportion that the 
difference of the equatorial and polar diameters bears to the 

diameter, and can be taken as -^o. 

The formula for correction for a given difference of lon^tude 

will then stand, — 

n .• A'tf^ Cos' Mid, lat. 
Correction = dm. long. jgQ 

This is subtractive from the calculated difference of longitude 
by the triangulation. 

In the latitude of 20^, this correction for a difference of 
longitude of 100', amoftints to 35", as will be seen by the 
following example : — 

In latitude 20"^ the departure deduced from a triangulation 
was found to be 94' required true difference of longitude. 

Dep 1-973128 

Sec, lat .. .. 0-027014 



Spherical <L long 2-000142 .. .. 
Cos" lat .. .. 9-945972 


100' -0327 


11-946114 
160 .. 2-176091 




Reduction f- 770023 .. .. 


-0-6889 


True diff. long, 
or 


99-4438' 
1^ 39' 26" -6 
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The tnie difference of longitude can also be calculated 
from the tables of lengths of a minute of latitude and longi- 
tude in the Appendix M as follows : — 

Tn il'ff 1 — A No. of feet in minute of Lat. 

8- — P- jj-Q Qf fgg^ yj niinute of Long- 
Working out the above example this way, we have — 



6053.. .. , 


. 1-973128 
. 8-781971 


5722 


5-755099 
. 3-757548 


Trtia <L long . 


. 1-997551 99'-44 




or 1° 39' 26" -4 



which gives the same result as the other method. 
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CHAPTER V. 

PLOTTINQ. 

Bnbjecrto Thib chapter will comprise, besides a description of the 

^22^^^ method of placing the points on the paper, which is more 

generally understood by the term " plotting," an account of 

the different manners in which those points may be obtained, 

other than by a regular chain of triangles. This is, perhaps, 

more correctly, a part of triangulation, and for some reasons 

should be described under that article, but it is thought that 

it will tend to clearness of comprehension, if it is taken in 

connection with the mode of laying down the points as 

obtained, as it is not easy to separate the two steps in many 

instances. 

In discussing the general question of Plotting, therefore, 

we will first take the placing of the points of an ordinary 

triangulated survey on paper, and then consider some other 

systems to be adopted when regular triangulation fails us. 

Great oaro Plotting the points is a most important operation, and one 

TOQiiistta 

inPlotting. requinng great eare. 

No matter on what scale, or on what system, a survey is 
being made, equal pains must be bestowed on plotting the 
points. Indeed, it may almost be said that in proportion as 
the elements of a survey approach to the least accurate form, 
viz., a sketch survey, so does the necessity for careful plot- 
ting increase, as the numerous checks, which in a detailed 
triangulation wiU instantly make any error in plotting 
apparent, will be more or less absent in proportion to the 
departure from such regular triangulation ; and not only will 
the minor details of such a chart be inaccurate, which we 
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expect, but the main and prominent points may be unneces- 
sarily out of place unless care is bestowed on the plotting. 

Before describing in detail the different methods in plot- Plotting 
ting, it is necessary to understand the system of laying down ^ 
angles by chords, and why this is done. 

It will easily be seen that^ where lines are to be drawn of 
considerable length, a protractor whose radius will be much 
shorter than the desired line, can hardly give the angle exact 
enough to ensure the extremity of the line being precisely 
placed ; for the straight-edge, perhaps six feet in length, by 
which the required line is to be drawn, will only be directed 
by two pricks in the paper, which, with the largest pro- 
tractor, will not be more than eighteen inches apart. How- 
ever exactly the protractor has been placed, and the pricks 
made, the mere laying of the straight-edge so that the line 
drawn will pass precisely through the centre of the two 

FIG 13. 




pricks near together, is almost an impossibility, and an error, 
quite imperceptible at the pricks, will be very appreciable at 
the end of the straight-edge. 

For this reason, we want our directing pHck as far along 
the straight-edge as we cetn get it. 

We accomplish this by using chords. 

If two radii of a circle of given length of radius, contain- 
ing between them a given angle 0, be drawn to cut the 
circumference of the circle, the chord to the arc of the 

circumference thus cut off is 2 radius Sin ~ * 

Z 

Thus, by reversing this and describing from the centre A, 
Fig. 13, an arc of a circle of any radius, drawing the line 

* Vide proof of this rule in Appendix G. 
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A C, and measuring the chord C B (which will be done in 
practice by describing a short arc of a circle with the 
required chord as radius, from the centre C), the point B, 
where the chord cuts the circumference (or the two arcs 
intersect) joined to A, will give the required angle 0. 
TMile of A table of chords for a radius of 10 inches is given in Ap- 
^^^^ pendix* which saves much^ime and chance of errors, as 
the chord to the angle required can be taken from the table, 
and multiplied by the radius with which it is meant to lay 
off the angle, divided by ten ; but in case this is not at hand, 
we must calculate our own chords. 
CaleuUkt- Tables of natural sines are not included in Inman's, the 
tables generally in use at sea, and logarithms of sines are in 
that work only given for every fifteen seconds, and we may 
want to take the angles out exactly. Moreover, by using the 
logsine, three logarithms will have to be taken out, and the 
process is somewhat longer. It is simpler, therefore, to use 
the table of natural versines, which are given in Inman to 

seconds. 



As sin. - =s versine (90 + - ) — 1, our required chord 
2 Z 

wiU be 2 radiua (vers. (90 + J )-l.) 

Versines are given for a radius of 1,000,000, so we have 
to divide the versine taken out by that number. This 
reduces the rule in practice to this. 

Look out the* natural versine of 90° + half the required 
angle, leaving out the left hand figure 1, and putting a 
decimal point before the remaining six figures. Multiply 
this number by twice the radius, and the result will be the 
chord required. 
Bamplo. Let us take now an example in practice. 

At A, Fig. 14, the angle between B and C is 35° 14' 30". 
The line A L from A passing through B is already drawn. 
We want to lay off this angle, and requiring accuracy, we 
take a long radius, m* 45 in. 



* Appendix L. 



CHAP. V. PLOTTING, 97 

Forty-five inches must be carefully measured, by the brass 
diagonal scale, on to a pair of beam compasses, with the two 
steel points shipped. Flattening the paper down by placing 
the straight-edge close to the line A B, and putting weights 
on it, with the centre A describe a short arc of circle D E, 
scratching lightly the surface of the paper. Then moving 
the straight-edge into the direction of C (whicTi c^n be ascer- 
tained roughly by a protractor), and again weighting it, make 
another small scratch F G. With the assistance of a reading- 
glass, and by means of a needle mounted in a handle, and 
spoken of as the " Pricker," make a fine prick at the in- 
tersection of the lines A B, D E, Lc, at H. 

Look out the versine of 107°37'15" (90 + half the required 
angle) which is 1,302,717. This becomes '302717, which 
multiplied by 90, gives 27*244 inches as the chord. 

FIG 14. 




Measure this distance on the beam compass, and flattening 
the paper as before, draw, with H as a centre, a short arc 
K M crossing F G. The point of intersection is to be 
pricked carefully as before, and the straight-edge can now be 
laid on A and it, and the line ruled will be at exactly the 
angle required. This seems a tedious operation, but it is 
the only way in which points can be got to go down satis- 
factorily, and in the end much time will be saved. 

It may be noted here, that it is preferable to make a mark Sted 
with a steel point instead of a pencil, from the practical JJ*|^Jj[f 
difficulty of measuring accurately the required distance on 
the beam compass when the pencil point is used, as, when the 
pencil point is cut sharp enough to make a fine line, it is 

H 
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almost impossible to prevent breakage in applying it to the 
brass scale divisions. It is also cleaner. In marking, the 
point must be held sloping, so as only to impress, and not 
actually to scratch the surface of the paper, which it will do 
if held perfectly upright. 

Of course, if the paper is stretched on a board instead of 
being loose on the table, the time and trouble of seeing the 
paper flat is saved. 

If the table of chords is available, look out the chord for 
37° 14' 30" and multiply it by 45, aa the table is made out 
for a radius of 10 in. This will give the same quantity of 
27*244 inches as found above. 

C may be of course anywhere on the line A B, and suppos- 
ing ourselves to be plotting from an original base A B, will 
probably be much nearer to A than to F G, but by taking such 
a long radius we get a straight line in the true direction of 
the angle laid off, and when we want to ineasure another angle 
on to another object, perhaps three times the distance of C 
from A, we have a long line we are certain of, to do it from. 
Always Here let it be impressed upon the surveyor that all lines 

^^^*"* drawn for plotting the main points, and indeed all points, 
(except very miaor ones, on which the position of nothing else 
will depend,) must be drawn as long as possible, and with 
more or less long chords, if we desire correctness. If we have 
a line drawn between two stations which lie, say six inches 
apart on the paper, and it only projects a few inches beyond 
each, and we hereafter require to lay off an angle from one, 
having the other as zero, to a station which will be, say two 
feet or more distant, we cannot do it correctly, as this longer 
line will have to be directed by a prick which cannot be 
farther off than the length of the zero line ; but by drawing 
long lines with long chords, we are ready for anything, and 
it will not matter whether the station we take for zero be 
near or far, as we use, not it, but the long line ruled 
through it. 
Len0bof In no case should a line to a station be laid off with 
a protractor or chord whose radius is less than the distance 



ndinf. 
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of the station, excepting in a rough plan which we want to do 
rapidly, or in most parts of a running survey, where preten- 
sions to accuracy being thrown to the winds, we get points 
near enough for our purpose down with a protractor. 

It is difficult to extend correctly a short line once drawn, Longtheii- 
by simply ruling on with the straight-edge. If a longer line "* * ^•' 
is wanted, it is better to lay ofT the angle to it again from 
some other long line, with a sufficient radius. 

To rule a true straight line which will pass exactly over Baling • 
the centre of the pricks is by no means an easy thing. The ^J^W 
ruling pencil, which should be of the hardest lead manu- 
factured, should be cut to an edge, not a point, and the 
straight-edge being placed in position, and weighted to keep it 
in contact with the paper throughout its length, the flat side 
of the pencil is pleuied against it, and tried at both points, to 
see whether the line will pass truly over them. Care must 
then be taken to hold the pencil in the same position while 
drawing the whole line. 

In laying off by chords an angle over 60®, or a little under 60°, Angles 
it will be found best to mark off 60° first, and measure the ^^^^ ®^' 
remainder of the angle from the 60° prick. This is done by 
drawing short arcs with the radius used, from the station from 
which it is desired to lay off the angle, and from the radius 
prick, (H in last figure) the intersection of these must be 
pricked off as 60°, and another short arc being drawn with the 
originating station as centre, the chord of the diflference of 
the angle from 60° is measured from the 60° prick to the last 
short arc, as in Fig. 15 (p. 100). 

This is done not from any incorrectness of the principle if 
the angle were laid off at once, but because it is inconvenient 
to be measuring long distfinces as chords, as there is a greater 
chance of some little inequality of the paper causing error, 
and also, the longer the chord measured, the more acute will 
be the angle between the two intersecting arcs, and conse- 
quently the greater the difficulty of pricking in accurately at 
the intersection. 

Understanding then how to lay off angles by chords, and 

u 2 
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Ctem- having obtained by calculation as long a side as we can for a 
"^^^^f plotting base line, so as to plot as much as possible inwards, or 



Plotting, ^ith decreasing distances, and not outwards to stations farther 
distant than the original two, and having settled whereabouts 
on the sheet this base line shall be placed, draw a meridian 
line, parallel with the side of the paper, and passing at one end 
of where the base is to be. Make a prick on this line for one 
end of the base, using, as always for pricking, a reading-glass, 
to ensure getting the prick exactly on the line. Let us call 
this A. 

From A, lay off, with as long a chord as can be commanded, 

FIG 15. 



^ 



aB 



tlie true bearing of the base, and having ruled this line of 
bearing as long as possible, make another prick on it, at the 
required distance from A, for the other end of the base. 
From the two base stations lay off angles to two other main 
positions, and choose the one of these where the intersection 
of the lines makes the nearest angle to 90° as the third station 
to prick in, doing so with great care on the intersection of the 
two lines. Then from this third station lay off an angle to 
the fourth, and if tliis, when ruled, passes exactly over the 
intersection of the two lines from the base stations, it can be 
pricked in. All four stations are correct, and the groundwork 
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of the chart is laid ; but if there is any little triangle visible 
with the reading-glass, all must be plotted over again, for 
unless these first four stations are exactly right, nothing will 
ever go right afterwards. 

These four stations settled, proceed in like nianner with 
other main stations ; but now we shall of course have three 
intersecting lines for each station, and care must be taken 
that these lines do truly intersect, and no station must be 
pricked in, that has not got three such converging lines 
through it. 

The main stations down, smaller chords may be used for 
secondary theodolite stations,, and the protractors will come in 
in plotting the marks and other minor points, the necessary 
angles for which we may suppose some of the party are 
getting, whilst the first main points are being carefully 
plotted. 

The ordinary way of marking the points is to ring a small lUrkiiig 
circle of carmine round them. Larger circles can conveniently " ^"*^**'* 
be used to distinguish the main stations. 

It will be found in the course of plotting that the paper Strttohing 
will vary so much, expanding at one time and contracting at J^^ 
another, that the arcs of radius once measured and scratched 
on the paper, cannot be considered as so done once for all. If 
some hours have elapsed since marking any radius, it must be 
remeasured, to ascertain if it has altered. 

In getting angles for plotting stations of all kinds, it must Caloniat- 
be remembered that two angles of a triangle will always give jJJLiJj'^ 
the third, and that as far as mere plotting goes, it is not 
necessary to waste imnecessarily time in observing the third 
angle. K the two observed angles have been got fairly accu- 
rately, the double error which will be thrown into the third 
angle deduced from them should not be enough to show 
in plotting, and if it does, it will soon make itself apparent by 
not intersecting. An angle from a fourth station will show 
which of the other three angles is wrong. 

Thus if we have observed at a station C, which we want to 
plot, the angle between A and B, and also the angle at A 
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between B and C, the angle at B which is wanted to draw 
a line to C can be calculated without the trouble of visiting B. 
It is indeed a blessed circumstance for the marine surveyor 
that the three angles of any triangle equal 180°. 
Plotting Some surveyors have preferred to plot main stations by 
^y **•• distances. In this case the triangulation must necessarily be 
calculated beforehand. We do not consider that much is 
gained by this method. Three distances must be measured to 
obtain an intersection, as three angles must be laid off for 
the same result. A distance is sometimes useful as a check. 



XBBEaXJIiAB METHODS OF FLOTTIKa. 

We have up to the present been considering the plotting 
of stations for a regularly triangulated survey. Let us now 
look at some other methods. 
A Foiltioii In plotting the points of a chart which is being constructed 
ijiirtefc^"^ on the principle of do-with-what-you-can-get, which is very 
often what has to be done in marine surveys, it is frequently 
found necessary to plot a position by its own angles, as, for 
instance, where the ship, anchored or moored off a low coast, 
has to be a main station, and only angles from aloft can be 
obtained to objects inland, such as hills, conspicuous trees, &c., 
alrefidy fixed. 
Jj*j' A station pointer, generally, has some small errors of 

paper. " centring, &c., that prevents it being used where exactness is 
required, and, moreover, only two angles can be laid off at a 
time by this instrument. In this case then it is better to 
plot all the angles obtainable on to tracing-paper, using 
chords for the purpose, and being very careful to make a very 
minute hole at the centre from which they radiate. If the 
objects are fairly well placed, a very exact position will be 
obtained, by laying this tracing on the sheet, and pricking 
through for the position. This will be much assisted if but 
one line can be got from a fixed station, as the angles can 
then be plotted on this line, supposing that in this case, back 
angles cannot be calculated. 
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Again, it may sometiines be found necessary to carry on Only tvo 
the main stations with a point plotted by. only two angles ; jjl^^j^ 
but if this happens, efforts must be made to check this, by 
getting an angle back from stations plotted on by means 
of this doubtful position, to some old weU-fixed station, as a 
distant mountain; or if this is not to be had, a regular 
beginning must be made again by plotting two stations with 
two angles, pricking one, and then laying the angle from 
that to the fourth, as practised at the commencement of 
the chart, which will give a certain amount of check. 

A well-defined mountain, though miles inland and never Kouitaiiii 
visited by the surveyors, will often prove the very keystone of ^^*' 
a chart that cannot be regularly and theoretically triangu* 
lated. When once well fixed, it will remain to get angles to, 
long after all the other first points of the survey have sunk 
below the horizon as the work progresses. 

True bearings of this will often be useful, and these can be Uieof True 
laid off from tJie mountain by applying the convergency. Boaringi. 

Let us take an example, which wiU perhaps explain what 
is required easier by means of a diagram. 

FIG 16 




We hope that we have made it plain, by what has gone 
before, that if a distant object bears, say, K 47** 20' W., we 
do not bear from such object S. 47° 20' E., but so much less 
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or more by the convergency ; and that in all cases of fixing 
ourselves by means of true bearings observed from our own 
position, the amount of convergency, due to the bearing and 
distance of the object, must be calculated and applied to our 
bearing, before we can use it as a bearing from the object. 

Here, Fig. 16, let B A be the original meridian drawn 
at the commencement of plotting through any station A. 
M is the distant mountain. At X our main points are falling 
short from some reason or another, and we are obliged 
to have recourse to a true bearing of M, which we accordingly 
obtain. Required to draw this true bearing from the fixed 
point M. If we have the sheet graduated, it will not much 
simplify matters, as it is a great chance if a meridian passes 
close enough to M to use it without further correction ; but let 
us suppose that we have no other meridian on the chart but 
A B. We must lay off the true bearing from M, with A as 
the zero, so we require the angle A M X. If M has been 
observed from A, whence we had a true bearing by which 
th6 meridian A B is directed, we have the bearing or angle 
BAM. \i not, we must measure it from the sheet by 
r;eversing the chord method ; drawing a line from A to M, and 
measuring the chord to the line A B at a given radius with 
beam compasses, and calculating the angle which corresponds 
to it, or B A M. 

Now consider the figure again, M C, X D, being imaginary 
meridians to assist conception. 

The bearing of A from M = bearing of M from A + the 
convergency, as M is nearer the pole than A, or 

CMA = BAM + convergency for difference of de- 
parture of A and M. 

In like manner : 

C M X = M X D (the observed bearing from X) + con- 
vergency for difference of departure of M X. 

Adding, we have CMA-hCMX = BAM-hMXD 
+ convergency for A X. 

Or A M X = bearing M from A + bearing M from X 4- 
convergency for A X. 
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To get convergency in this case, we must assume a position 
for X, which we can roughly plot for the purpose, and 
measure the distance A X and bearing B A X. 

We can then from this calculate the convergency required, 
knowing roughly the latitude of A, for 

Convergency — distance X Sin mere, bearing x Tan Mid. 
lat. 

If M is likely to be used much in this way, it will be Drawing 
worth while to lay a meridian oflf through M, by plotting the <Kftt» 
bearing AMCorBAM + the convergency for A M ; from 
which meridian subsequent bearings can then be laid off, 
duly corrected for convergency, for the distance between M 
and the station from which the bearing is observed. 

Of course it will depend on the latitude how much error Kogleot of 
will be introduced by neglecting the convergency ; but when ^"" 



it is considered that in latitude 45° the convergency is equal 
to the departure, it will be seen that a large error will result 
by not applying it ; for in this latitude, supposing A and X 
are 30 miles apart, an error of half a degree would be made 
by drawing a meridian parallel to A B, and laying oflf the 
bearing observed at X from M. 

If it is intended to lay oflf the true bearing of an object 
from a station plotted on the chart, the convergency must 
likewise be borne in mind, and the meridian to be ruled 
through X (in this case considered as fixed) from which to 
measure the bearing, must be, in transferring it from A B, 
corrected for the convergency due to the distance AX, 
by, after ruling a line through X parallel to A B, laying off 
at X, from the parallel just ruled, towards the pole, and on 
the side of A, an angle equal to the convergency required, 
which will give the direction of the true meridian. 

The system of true bearings may be used in many ways Further 
whilst carrying on an irregular triangulation. It is impos- jJJj^J^ 
sible to give instances of all the diflSculties which may be 
surmounted by this means, but an example, taken from actual 
practice, will show the style of use to which true bearings 
may be put. 
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Let us suppose ourselves employed in the survey of a piece 
of coast which offers no facilities for obtaining a base by 
measurement ; but it is the season for observations, and we 
have points so placed that we can work directly fix)m the 
astronomical base, instead of obtaining a base by sound 
or other doubtfcd methods, which we should otherwise have to 
do. 

In Rg. 17, A and B are two positions invisible from one 
another near the confines of our chart ; C is a distant in- 
accessible mountain visible from both A and B; D is an 
elevation visible from B, but not from A, and fix)m which 
G can also be seen. 



ric 17. 




To utilise this arrangement, we take observations for 
latitude at A and B, and run the meridian distance ; we also 
get the true bearing of C from A, B, and D. 

Calculate the bearing and distance A B astronomically, 
and place this line on the paper. The lines B C, A C can 
be now drawn by the difference of the bearings observed 
and calculated from A and B, which will give us C with two 
cuts. B D is drawn from B, and the back bearing of D from 
C (calculated from the observed bearing of C from D, with 
convergency applied) drawn, by which we shall get D, 
also with two cuts only. 

If we can find a point E which can be seen both from B 
and D, and from which C can be seen, we can lay it down 
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with three cuts, as the angle from C can be calculated in 
either triangle C E B or C E D, and the intersection of these 
three will prove the exactness of our work. B E will then be 
our base for working, as we are supposing B A to be about 
60 miles, which, as we have drawn it, will make B E about 
15 miles, which is a workable base. 

In the case which we have put, it is very unlikely that, 
after all these different bearings, the intersection of the three 
lines at the point E will be a perfect one. If it is not good, 
the best way to obtain, the base B E may be to calculate 
it in as many triangles as we can command, and, taking the 
mean of these results, to commence the actual plotting from 
this mean base. This would depend, however, upon circum- 
stances. It is impossible to lay down any hard-and-fast rule 
with respect to this kind of work, and the case is simply 
given as an instance of the uses to which true bearings 
may be put. 

In some extensive surveys on a small scale, it may be Gradu- 
necessary to graduate the sheet first, when positions can be ^^^ 
placed on it by their latitudes and longitudes, and the inter- before 
vening parts plotted or triangulated by means of bases ^* 

measured at each of these astronomical positions. This will 
be done when coasts are low and marks scarce. We can 
scarcely hope that when these diflPerent bits meet, they will 
agree exactly ; but with a small scale, say half an inch to the 
mile, the discrepancy ought not to be sufiScient to introduce 
much error, if we square in five or six miles of the points 
worked up from either end, when they meet and disagree. 

This undoubtedly partakes of the nature of " cooking ; " but 
when we imdertake to map a coast on such a small scale, we 
cannot pretend to much accuracy in detail, and shall only do 
this when it has been considered advisable to lay down a 
large extent of coast in the time available, with the inten- 
tion of presenting its more salient features as correctly as 
we can. 

Work amongst islands (as portions of the Pacific) would 
be done in this manner. 
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Jf'JLXlNa MARKa 

It is not possible to lay down any dogmatic plan for fixing 
the marks which have to be erected. In many cases it is well 
to put them all up first, and then get angles to them after- 
wards ; but if non-surv^eyors are deputed to make the marks, 
they will seldom be placed in the right spots. A whitewash, 
for instance, will be so placed that it cannot be seen in certain 
directions. A tripod or pole will not be in the most conve- 
nient position for the officer who afterwards puts in the 
coast-line, and numerous small errors of this description will 
be made by one who is not capable of taking in all the little 
requirements. 
Syitematio It is therefore more satisfactory to send a surveyor to do 
Jj^^**' this, and while he is there he may just as well take angles, so 
that the writer has found it saves time in the end, in general, 
to have a surveyor at some main or secondary station, whence 
he can see most of the marks, and let the officer who erects the 
mark take angles at it to the above station, which we may call 
the " shooting up " station, and to a sufficient number of 
other stations which can be seen from the " shooting up " 
station also, to fix himself. The angles from these other 
stations can then be calculated. In this way two or three 
officers can be at work putting up marks, and fixing them at 
the same time. The officer who erects a mark gives it a name, 
and notes the time by his watch when he is there. The 
officer at the shooting up station also takes the time, and 
notes the position and kind of mark put up, to which he 
takes his angles, writing the name against it in his book 
when he returns to the ship and meets the other officers. 
OAoer The officer marking must think for himself whether he has 

irainouid- ®^^^8^ angles to fix the point ; and in case any mark cannot 
ble for be seen from the shooting up station, he must get an angle 
of An^e? ^^^ ^^°^® other of his marks, which will be then used to 
calculate the other angles in the same manner. 
A heliostat is invaluable here. In hazy weather, and when 
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the shooting up station is distant especially, a flash will J^^ 
be seen when neither mark, nor boat, nor anything to direct 
where to look for the mark, will be visible. The ofl&cer 
shooting up should also return the flash, to show he sees the 
station, as well as give a well-defined object to get the 
angles to. 

Of course circumstances may not render this system ad- 
visable, but it is here suggested as having worked very well 
in many places. 

Frequently the minor marks must be fixed by angles from Triangiu 
the ship, or a boat at anchor, as on a straight coast where }{S^5* 
nothing behind can be seen from the marks. When this is ii«kg by 
necessary, it will often be also necessary to carry on the main 
triangulation as well by means of ship and boats, so that a 
description of one serves for the other. 

The ship, anchored short, or moored if necessary, should be 
shot up from one or more shore stations. If the angles taken 
from the ship are indispensable to fix her own position, try 
calculating the back angles from other objects first, and lay 
them off as cuts to the position, as if they agree it will be the 
most satisfactory manner ; but often back angles, calculated 
from sextant angles, will not be correct enough to give a good 
intersection, especially if the points are distant. In this case, 
let all the angles taken at the ship or boat be plotted on 
tracing-paper as before described, and the position pricked 
through on the guiding Une from the shore station. A signal 
should be made when the angle to the ship is to be observed, 
and the angles from the ship taken at the same time. 

The ship angles should be observed from the fore part 
of the ship, and frequently the foretop will be found the best 
place. Whatever spot is used, it must, of course, be arranged 
beforehand, so that the observer's exact position on board may 
be taken from the shore station. 

From the ship, the main angles, that is the angles to the Ttldng 
positions already plotted, which are to be taken for the ^^ niip. 
purpose of fixing the ship, must be observed first, using some 
well-defined station as zero, and measuring all the main 



no HYDROGRAPHICAL SURVEYING. chap. v. 

angles from this with the sextant. Some other station must 
be chosen, as the zero with which to measure the angles to the 
marks, and the angle to this second zero observed from the 
main station zero. 

This second zero is wanted to be in such a position with 
regard to the marks, that any slight movement in the ship 
will make the least possible difference in the angles to be 
observed between it and the marks. It must be, therefore, at 
about the average distance of the marks. It will not do to 
choose some object miles away behind the marks, as the least 
swing of the ship will at once alter the whole of the angles. 
Generally speaking, the central mark to be fixed will answer 
the purpose best, but in many cases it will be found necessary 
to change this zero for some marks, measuring from some other 
object at an equal distance from the ship. 

Bopefttiag When the minor angles have been taken, repeat the main 

^^ angles to see if the ship has moved, giving another signal to 

the shore station for another angle from it. All mark angles 
should then be observed again to check errors. 

It need scarcely be said that the more rapidly these angles 
are taken, the less the chance of any error arising from varia- 
tion of ship's position, by change of direction of current, 
wind, &c. An experienced hand should therefore be chosen 
for this work. 

Tetosoope A sextant with a telescope of high magnifying power is 

of Beztaat j^^^g^ useful. On this head see page 7. 



CAIiCUIiATINa A POSITION FBOM TWO ANQLES TO 
THREE ENOWir OBJECTa 

It maybe sometimes required, in the course of a survey not 
regularly triangulated, to calculate the distance of the observer 
from an object, from the two angles he has observed between 
three known " points," one of them being the object whose 
distance is required. Or he may require the angle, at the 
object observed, to him, from the same data. 

This is, perhaps, best accomph'shed by using the one-circlo 
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method, so called in contradistinction to the method of pro- 
traction by two circles already explained under "Station 
Pointer." 

The three figures 18-20 give the three possible positions of 



FIG 18, 




the objects, viz. : When the observer is inside the triangle 
formed by the objects ; when he is outside, and the centre 
object is nearer than one of the others; and when, under 
similar circumstances, it is the farthest. 
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Tf the angles between the three objects are known, which 
is most probable, the calculation of the second formula will 
be unnecessary. 

Let A B C be the objects observed. G the position of 
observer to be determined. A B = c, B C = a, A C = 6, ar^ the 
sides known, A 6 B=m and B 6 C = ri, the angles observed. 
Required G A and the angle BAG. 

At A, in A C, draw, on the side remote from G, A D, making 
C A D =?i. At C, in A C, draw in like manner C D, making 
ACD=m. 

When G is inside the triangle (Fig. 18) CAD, and 
A CD must be drawn to equal 180° — ?i and 180° — m re- 
spectively. 

Describe a circle to pass through the points A, D, C. 

Join D B, and produce it untQ it cuts the circumference of 
the circle in G. 

Then G is the position required. 

For A C D, A G D, being angles in the same segment, are 
equal, and A C D is drawn = m 

. '. AGD = m 

or AGB=m 

Similarly BGC=?t. 

Then AD =6 Sin m. Cosec (m + ti) (1) 

^ BAC /S(S-a) 

Cos "2— =V -\-7-' (2) 

BAD = BAC ± CAD (3) 

Tani(ABD-ADB)=^-^^Tani(ABD + ADB) (4) 

G A = c. Sin A B D . Cosec m (5) 

«. . ^ ^ G A. Sin m 

SinABG= j-g (6) 

BAG = 180 - (m + ABG) (7) 

G can now be plotted by the angles from A, B, C, if 
required. 
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DItAWINO BECTANOUIiAB IiINEB. 

The methods of drawing a line perpendicular to another 
line are well known, but are here repeated. 

no 21. 
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Measure from the point A with the beam compass any Ereoting 
equal distances right and left of A, as A B, A C. dielS*to 

From B and C draw, with a radius about half as much again a line from 
as A B, short arcs intersecting one another. A line drawn ^]^ 
through this intersection D, from A, will be at right angles ^[«- 
toAB. *^*^- 



FIG 22 




.alino. 



Take any point B, in a direction about 45° from A, and Xreetiiur a 
from it as centre, with the radius B A describe a short arc JS?^ 
intersecting A D in C, and likewise a short arc E F in the ^^^ ^ 
opposite direction. Join C B and produce it to intersect E F ^ " 
in G. A line joining A and G will be at right angles to A B. 

In all careful work, these operations should be checked 
by repetition, with different radii. 
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RUNNING SURVEY. 

A RUNNING survey, the least accurate form of "sketch" 
survey, is one where the best part of the work is done from 
the ship running along the coast, fixing points, sketching in 
the coast-line and prominent parts of the land, and sounding, 
at the same time. 

It is capable of many modifications, more especially with 
regard to the fixing of the main points. 

The rudest form of running survey is where, beginning upon 
nothing, everything is eventually put on paper by observa- 
tions, angles, and soxmdings t£^en from the ship without 
anchoring. 

At the other extreme comes a running survey made upon 
some main points already fixed by triangulation of some kind, 
and which has for its object only the sketching of coast-line 
and detail of an inaccessible coast, which is assisted by 
occasional anchoring, and where sounding would be carried 
on in the boats as well as the ship, after enough natural ob- 
jects have been fixed by the angles from ship stations. 

In making an extensive running survey of the simplest 
kind, t.e. where we commence on nothing, and only run past 
the coast once, it is well to have the paper graduated (see 
p. 270), as astronomical observations from time to time will fix 
the scale of the chart, and it is easier to plot these positions 
when the sheet is graduated. 

The course and the distance run by the ship between each 
position where series of angles are taken, as given by patent 
logs, will form a series of bases, which will have to be, how- 
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ever, modified afterwards to agree with the positions astrono- 
mically fixed, which must be taken as the fundamental points 
of the chart. 

A running survey must be roughly plotted, and everything 
sketched in, as we go on, putting down position after position 
by course and distance, and cutting in the objects we choose 
for marks, giving them names by which to recognise them, and 
to record in the sounding book. Assistants should be told 
off for separate duties. One to look after the soimding ; an- 
other to sketch in the coast-line and hills between each object 
chosen, on another sheet or sheets of paper ; the chief and some 
assistants getting the an^bss; one writing down; another 
plotting the stations and drawing the lines to the points, so 
as to see what angles are wanted at the next station to objects 
already chosen, and how far on the next station should be. 

At each position, as laid down by course and distance, 
commence plotting by laying down the bearing of the object 
we have selected for zero for the round of angles. From this, 
the other angles can then be laid down. 

It follows that a bearing must be obtained, as a necessity, 
from each position. This should be taken to the itea/reat 
object, which will be of course connected to the others by 
angles, but this need not, and indeed should not, be the first 
line drawn. 

Distant hUls are a great help in a running survey, as, when Hma of 
replotting from the astronomical positions, if these hills can J^J*^ 
be fixed by bearings (true or compass) from them, the angles 
taken to the hills, at a position now and then, may possibly 
be used as fixes, which may be plotted by station pointer, 
and so get intermediate positions independent of the patent 
log positions, which are so liable to error by the action of 
currents. 

A running survey will nearly always have to be replotted, 
as the as1ax)nomical positions and those by patent log will 
never agree. 

Having plotted the positions where astronomical observa- Beplotting 
tions have been taken, if the intermediate stations are to be j^^g ^^' 

I 2 
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put in by bearing and distance, they must be squared in so as 
to agree in total distance and bearing with the astronomical 
positions. Thus, in Fig. 23, let A be the position from which 
we start ; B, C, &c., to H, are positions of the ship as plotted 
by course and distance on the rough chart; a, A, are the 
same positions as A, H, but as given 'by the astronomical 
observations. 

To bring the intermediate positions to agree with a, A, as 
plotted on the graduated sheet, we join A H and a A. . Drop 
perpendiculars from B, C, &c., to the normal line A H. With 
the proportional compasses set to correspond to the different 
lengths a A, A H, measure the corresponding distances along 
a h for the points where the perpendiculars will cut, and lay 
off perpendiculars along which the corresponding distances can 
be measured, and so we obtain &, c, dy &c. 

If any mountains have been observed both from A and H, 
their positions should next be put down by these two bearings. 
The angles taken from the first positions are now laid off, and 
as objects are fixed, they can be used as checks to the next 
positions. If we can rely upon the bearings taken to the 
mountains we shall use them to fix the intermediate positions 
in preference to course and distance, so that i, c, &c., may be 
again shifted, especially if the ship has not been accurately 
steered on her courses, or we have reason to think currents 
have varied at different parts of our run. 
Vo ttMt- Nothing will agree exactly in a running survey of this 
JJIJjj^ kind, but a very fair approximation to the relative positions 

of conspicuous objecte, may be got. 
Amoniit of The amount of detail possible will not be very great, but 
^^•'■^^ will vary with the quickness and accuracy of eye and hand 
of the officer sketching it in. There is nothing that re- 
quires the knack which distinguishes a good surveyor so 
much as this sketching in fairly accurately of a coast-line 
in a running survey, and good judgment as to depth of 
bays, and other points that must be mainly put in by eye, 
is most valuable. 

It is well to have one officer aloft, who will be able to get 
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a better view of river mouths, &c., and make little sketches 
of bits not seen from deck. He can also take angles to 
objects that have sunk, or not yet risen above the horizon of 
the deck. 

Compass-bearings are of great use, as direction of valleys, 
&c., may be noted without making a position. 

The whole course of a running survey will have to be one 
of compromise between discordant results, and only long 
practice will enable the surveyor to decide what to throw out, 
and what to accept. 
Kbdifled It may often occur in a survey, that a portion of the coast is 
inaccessible for landing by reason of heavy surf; or the shore 
is so cliflfy or densely thick with jungle, that stations cannot 
be made without loss of more time than they are worth. A 
running survey of this piece may be as much as is requisite, 
but the probability is that we shall be able to fix on some 
main points from the triangulation of the other and more 
important part of the survey, and these will greatly help us 
to make the best chart of the portion we can under the cir- 
cumstances. 

In such a case, the best course to pursue is to pass along 
the coast at some distance, stopping at convenient positions, 
where the ship can get station-pointer fixes by the main 
points, anchoring, if possible, for this purpose, and cutting in 
from these positions other secondary points nearer together, 
and nearer the coast than the first. Then pass along again 
closer to the land, and fix points on the shore itself, using the 
secondary points to fix the ship with. Boats may then be 
sent to sound, if required, or to sketch in more details of 
little bays, &c., if they can get near enough. Compromise 
wiU be required here too, probably, in plotting the points, as, 
unless the ship is absolutely motionless, it is unlikely the 
angles will intersect exactly, but it is astonishing what good 
results can be obtained with a number of officers taking 
angles at the same time, with the ship's way stopped, 
each being told ofT to take two or three angles as quickly as 
possible. 
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CHAPTER VII. 

COAST-UNING. 

When and how the putting in of the coast-line is done, must 
depend much upon circumstances. 

If making a chart with pretensions to accuracy in the in a 
details, it is better to do it before the soundings are taken, JjJ^ 
as, for the inshore soundings, the little points and bays, not 
distinguished by marks, will be very valuable. In this case, 
too, every yard of the coast that can be walked over should 
be. If the surveyor pull along the coast in his boat, from 
one spot to another, he will be liable to miss little details, 
such as stream entrances, which may be blocked by the sand 
beach in summer ; lagoons behind the shore, &c. The boat 
should therefore only be used to pass rocky points and cliflfe 
that cannot be walked along, or to make stations in, at 
anchor ofT the coast, if it is necessary to do so, to shoot up 
the details. 

The method of putting the coast-line on to the sheet also Plotting 
varies. The angles can be taken, and the details between sub- ^^^^"^ 
sidiary fixes on the beach sketched into the angle book, using 
always a larger scale than that of the chart, and then 
these fixes and angles plotted on to the chart after return on 
board ; or the surveyor can take a field board, with the points 
on it, with him, and plot the coast as he goes along it on to 
his board. 

Of these two the writer far prefers the latter method, as a Flotting 
rule. There is no chance of having necessary angles omitted ^J^ 
if the fixes are plotted at the time, and any little error is easier 
detected on the spot than when plotting afterwards on board. 
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Of course rainy weather or other circumstances will some- 
times prevent the work being plotted at the time, but unless 
some good reason exists, it should be done. 

Initni- If conveniently situated marks are plentiful, the coast-liner 

JJ^^ will only want his theodolite or sextant, or both, to take his 
angles, and a station pointer and tracing-paper for plotting, 
with protractor, &c. But if the coast has no objects off it to 
seaward, and landward marks are also short, or invisible from 
the shore, he will require, very probably, a pole of measured 
length, whereby to ascertain, by observing the angle subtended 
by its extremities, the distance of points, &c., from one another. 
A convenient form of this pole is described und^ " Ten- 
foot Pole," page 33. 

Each assistant should have a copy of the Ten-foot Pole 
Table,* on a piece of cardboard, always in his angle book, 
ready for reference in the field. 

0«ii«na Let us suppose an officer landed with his board of points 

meO^ •^ to do coast-line. 

^iniaiT' He will start at some point already plotted on the chart, 

and will take angles from it to all the objects he can dis- 
tinguish between him and the next fixed point, and beyond, 
if necessary. 

He will then walk on to another spot, where he will make a 
supplementary station, fixing himself by angles to known points, 
either by theodolite or sextant, according to circumstances. 

He will then plot this, his No. 2 A, on his board, by station 
pointer or tracing-paper, taking care to check his position by 
his line from the 1st A> or by a third or "check" angle 
from his present position. His No. 2 plotted, he will sketch 
in on the board, the coast-line between that and the first, 
having noted any peculiarities as he walked along. 

The scale of the chart will largely influence the distance 
between the subsidiary stations to be made by the coast- 
liner, as will also the character of the shore line, and the 
intended nature of the chart as to exactitude of detail. 
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If the work is to be plotted on return on boaxd, the system 
is precisely the same, only the detail of coast between the 
stations must be sketched in in the angle-book, instead of 
directly on to the board. 

When the coast-liner sees that at the nert station he will nilii|T«ii- 
not be able to fix himself by angles, he must use his ten-foot 
pole, sending a man on with it with instructions where to 
stand, or going on himself, and leaving the pole behind with 
a man at his present station, with directions, when signalled, 
to hold the pole horizontal, and at right angles to the observer. 

To ensure the latter, either a rough pointer of some kind 
can be attached to the centre of the pole, so as to project at 
right angles, in which case the holder will be directed to 
point this to the observer, or, he will be told to sway it gently 
backwards and forwards, and the observer will read the 
largest angle he can measure. 

The angle observed, and the corresponding distance looked 
out of the table, the latter is measured on the scale of the 
chart, and applied by a pair of compasses, as a distance 
from the last station along the line laid ofiT from that last 
station in the direction of the required station. 

If necessary, the whole coast can be carried on in this 
way ; but if the marks are a long way apart, great care must 
be taken in observing the angles on to the positions to be 
measured, as there is no check on the work, and each error 
will be accumulative. In this case the man must be sent on, 
and must mark the exact place he stood when the angle was 
observed to him, and the coast-liner must make his next 
station precisely on that spot. 

The azimuth compass may sometimes be employed in this 
work with advantaga Any little ^hror, when a properly 
fixed station is reached, can be squared in. 

It will be understood that this ten-foot pole method is only 
used for the smaller detail, where sufficient angles to fix 
cannot be obtained. It is especially useful in delineating 
the shores of islands, or of small bays which have no fixed 
point in them. 
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For instance, in Fig. 24, let us suppose the two points, 
marked Ash and Lime, are fixed, but in between them is the 
small bay shown. 

At Ash we obtain the angle between Lime and A, the next 
point visible, and also the distance by our ten-foot pole. If 
we can make out that 6 is a point, and can see any promi- 
nent spot on it, we shall get an angle to that also. 

We then go to A, sketching in between on the way. At A 
we become aware of the little bay, and we send the pole 
over to C, pointing out to the man with it where to stand, 
and telling him to put a stick or stone there, when he is 
signalled to go on to 6. 

At A we get all we can, angles from Lime as zero, to Ash, 

FIQ.24.. 




B, C, tangent of bay on towards D, and anything prominent^ 
and the distance to C by the pole. 

Leaving a little mark at our station at A, we go to Lime, 
and take angles from Ash to A, B, and distance to B by the 
pole now there. 

We then go back to B, and send the pole over to D, and 
again get all angles we 'can, and distance to D. 

We now sit down and plot our data. We have two 
angles to A from Ash and Lime, and a distance to A from 
Ash. These ought to agree, and we prick in A. We have 
the line to B from Lime, and perhaps from Ash as well, but 
we will suppose not, and will plot B by the distance from 
Lime. Then placing our protractor on B, lay off the angle 
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obeerved there to Ash, which ought to go through, and make 
a check for 6. 

We plot C and D by their distances on their respective 
lines from A and B. We then walk round the bay, sketching 
it in, and can get an angle at C, from A to D, as another 
check, and any other angles to assist in sketching in details. 

The coast-liner will generally be responsible for all the Owurt-liner 
details of topography close to the coast such as follow, the ^2^^^' 
scale of the chart being taken into consideration as to with new to 
what degree of accuracy detail can be laid down. ^* ''"*"• 

Heights of cliffs must either be measured with a lead-line, 
or by getting an elevation to some definite point, which must 
afterwards be fixed, from one of the stations, or may merely 
be estimated and entered in the angle book. 

Cliffs have generally to be exaggerated on the chart, to show 
distinctly. The height in feet should be written against 
them. 

The directions of lower parts of streams, or rivers, must 
either be walked up, and fixed, a certain distance back, or 
can merely have, their entrances fixed, and an angle taken 
up for their general direction. 

Lower spurs of abrupt hills must be sketched in, assisted 
by angles to them from different points. 

Houses standing back from the shore must be put in. 
These can usually be fixed by angles to them without 
visiting them, unless it is necessary to get their dimensions, 
names, &c., or perhaps to ascertain if a good well or spring 
of water may be near, that would do for watering on an 
emergency. 

Swamps near the coast should be sketched in as far as 
necessary, and a look out kept for evidences of any extension 
of their area in winter. Information on these points can be 
picked up from passing inhabitants. 

Angles should be got also to any conspicuous objects 
• farther inland, as they will be very useful when the topo- 
graphy is sketched, and the surveyor should always look 
ahead, and seize any opportunity of the kind for helping on 
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other parts of the work than those he may be immediately 
engaged in. 

£oads near the coast should be walked back to, and fixed 
here and there, sketching in between. 

Bocks above water, or breaking, should be fixed. Though 
these come into the province of the sounding, it is often 
useful to have them down first; and in the case of a break 
only, it may be very much so indeed, as it may be an isolated 
head, which a boat sounding near high water may miss. 
Low-wat«r Though it is the high-water line that the coast-liner is more 
*'"*'• "*• immediately concerned with, he should mark at low water 
the position of the dry line, especially where this runs ofiT a 
long way at points, &c. 

In a detailed survey on a large scale, it may be necessary 
to send some one round the water-line at low tide to get it 
accurately, but this is more usually obtained by the sound- 
ings, for by reducing these to the low-water level of springs, 
a series of points will be obtained, where each line of 
soundings crosses the low-water line, which can then be 
drawn in as a line passing through these points. 
Berttiooi Angles of elevation for heights of the hills should be taken 
of hiUi. ^jiei^ getting the angles for fixing the points of the chart, 
from main and secondary stations, or any well-fixed points ; 
but if the coast-liner gets some more elevations from marks 
on the water-line, they will never come amiss, as long as the 
position is well fixed. 
€toii««a The ofl&cer coast-lining will niake note of anything worth 
tio^ f^ recording in the sailing directions, as little nooks for landings 
^^^'••'*^*"*- convenient places for watering, &c., letting lus captain know 
on return on board, in order that they may be, if necessary, 
again looked at, or entered in the latter's notes. 

It may be convenient to keep a book for the purpose, 

in which any useful information can be entered. 

Fnither As an instance of the application of the ten-foot pole 

of^n- method, we may mention the following, which is adapted for * 

JSi.£?^ use on shores with fringing coral reefs, or broad sand or mud 

flats, which diy sufficiently at low water to enable people to 
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walk on them, and when either the steepness of the hills or 
the denseness of the v^etation prevent marks being fixed on 
the coast. 

Let annexed diagram, Fig. 25, represent an island of this 
kind. 

riQ.2S. 




A long measured lead-line, say of 500 feet, is provided. 
This is taken by an officer we will call B, who has a pris- 
matic compass. Another officer, A, is provided with theodolite, 
or sextant, or micrometer, and prismatic compass, according 
to circumstances, sextant and compass being quite sufficient. 

Starting at a, B remains there while A i^alks to &. B 
stretches his line out at right angles to a 6, and plants a flag 
at the extremity. A observes angle subtended by flag and 
A a, with his micrometer or sextant, and both A and B 
observe the bearing of a t, 

A waves to B, who goes on to c, when the operation is 
repeated. 

A then moves on to (2, B pivoting his line roimd c, so as to 
be rectangular to c rf ; and so on, until/ is reached. We will 
here suppose that, from a to/, we have been able to triangu- 
late, the reef being broader. We have therefore the correct 
bearing and distance of a /. 
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To plot this, the mean compass bearings and distances 
a, h, c, &c., will be put on a separate sheet of paper on a 
larger scale than the chart, and the positions a/ being joined 
on both, the other stations will be squared in on to the chart. 

Marks will be left at each station, if required for sounding, 
or delineating the outer edge of the reef. Subsidiary marks 
can be made at other points, as x, y, z, and fixed by angles 
from I, d, &c., with distances measured by the angle of the 
line. 

The shore line can either be sketched by A, as he walks 
from station to station ; or can be put in afterwards, if greater 
correctness is required, using the ordinary 10-foot pole to fill 
in between a, 6, c, &c. 

If a theodolite is used, which it is well to do in a case 
where we have not been able to get any measured base at all, 
and must consequently work back to a, it must be set up first 
at a, and the angle to b taken from some fixed object, whose 
true bearing we should obtain, as we in this case must not be 
dependent on the compass. 6 will be at b with his Une, and 
when A has finished, will walk on to c, so that A, when he 
arrives at b, can take the angle from a as zero, to c. With a 
theodolite, then, A must visit every station, unless B has one 
also. 

At every new position, the last A will be used as zero. 

The readiest way for B to direct his line so as to be at right 
angles is to use the so-called " cord triangle," which is simply 
a triangle formed of a piece of line whose sides are in the 
proportion of 3, 4, 5, the angles being marked by knots. 
When stretched on the ground, with the comer between 3 and 
4 at the A, and the 4 side coincident with the direction of 
the other A, the direction of the 3 side is at the right angle 
required. Any similar contrivance will serve the purpose. 



Note. — ^£hia method was largely 
used by Lieutenant W. U. Moore in 
the survey of the Fiji Islands, 



and is a good example of the 
dodges that have to be improvised 
to meet circumstances. 
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CHAPTER VIII. 

SOUNDING. 

Boat Sounding — Ship Sounding — Searching for Vigias. 

It is difficult to say that any one step in the construction of import- 
a chart is more important than another, as each is necessary ^^J^- 
for the completion of the whole, and an error anywhere may 
cause a disaster ; but if any particular item w to be picked 
out, perhaps the sounding should rank in the highest place. 

The operation of sounding is the least pleasant part of a 
marine surveyor's work, especially when the weather is 
against him, and the sounding uninteresting, that is, where 
the depths are regular, and there is no excitement in the way 
of discovering, and working out, shoals and reefs ; but the 
notion that it is therefore always to be relegated to the 
jimiors of a survey, is not only hard upon them, but may 
introduce errors in the very part of the chart which, as we 
have already said, is the most directly important. 

As soon as the points are down, i.e. plotted, the sounding 
can be commenced ; but, as before remarked, on an intricate 
piece of coast it is better if the coast-line is put in first. 

The ordinary main plan of sounding is thus. The boat Oidinary 
proceeds in straight lines in a direction, of a length, and at S^^^^' 
distances previously decided on, with a man in the bow 
constantly sounding. Every so many soundings, as the case 
may be, the officer takes angles with a sextant to fix the 
position of the boat, always doing this at the beginning and 
ending of every line. 

It is evident that this main plan may be largely varied in 
its details. 



128 HYDROGRAPHICAL SURVEYING, chap. vilL 

In the first place rises the question as to whether it is 
better to plot fixes, and enter soundings on the sheet, regularly, 
in the boat, or leave them until return on board, merely 
putting down an occasional fix to see where you are. The 
writer says, certainly, as a rule, plot them at once. It can be 
done in ordinary circumstances just as correctly, and gives 
more information to the officer sounding as to little bits which 
may want additional casts, and it also gives the men at the 
oars a little rest from time to time. In very rough water it 
of course cannot be well done, and must be left till return on 
board to the comparatively motionless ship ; but when you 
can, plot at once. In harbour work on large scales, again, it 
will be better to plot afterwards, as great accuracy will be 
required. 

The extent to which the soundings themselves can be 

entered at the time on the chart, depends of course upon the 

state of our knowledge of the tide. If the tidal range is 

small, or the motions of the tide are sufficiently known to form 

a table of reduction beforehand, the reduced sounding can be 

written on the board at once. K not, the soundings as taken 

can be written down, and reduced on inking on return on 

board, or, only the sounding taken at each fix can be written 

against the prick of the fix, and intermediate soundings left to 

be entered on board. The latter will generally be found 

most convenient. 

Oiream- The pace at which the boat may go, and the necessity, or 

^iJJj^ not, for stopping at the casts, will depend on the depth of 

B^u7 water and the capacity of the leadsman. 

Whether it is necessary to stop to get the angles depends 
upon the convenience and visibility of the marks, and the 
quickness of the angle-taker. A beginner will of course do 
everything deliberately, until he feels capable of combining 
speed with correctness. 

Whether each fix shall be plotted at once, or whether to 
wait until two or three have been got, and then lay on oars, 
or anchor for a few minutes, must also vary with circum- 
stances. 
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What the distance should be between each fix will depend • 
largely upon the scale of the chart, and the nature of the 
bottom. On an evenly sloping bottom many soundings can 
be got without another fix ; but where depths vary or increase 
rapidly, the fixes must be closer together. 

The soundings which will be joined together on the finished 
chart by fathom lines, e,g, the three, five, ten fathoms, &c., 
should always be fixed, and in doing this it must be remem- 
bered that it is the outer soimding of any of the same depth 
that will be on the fathom line, and also the tide reduction 
must be taken into consideration. This latter will of course 
be in many cases only approximately known, so that exactly 
the right sounding may not be fixed. 

The sounding lines should be in ordinary cases at right Dinetioii 
angles to the coast, and parallel to one another, as not only *'™*^ 
will a better line be got for tracing the fathom lines, but the 
boat will easier be kept in her right direction by observing 
two objects which have been seen to be in transit, in the 
right direction, at the commencement of the line. 

In nice work on large scales it may be found to answer to Xarka In 
place two marks in line for this purpose ; but, as a rule, diiMting ' 
changing them from one line to the other will take far too ^' 
much time for ordinary work, and marks to answer all 
practical purposes may usually be found placed by Nature 
already. 

In sounding out a small harbour, circumstances must guide 
the direction of the lines. 

The depth to which the boat soundings are to be carried Xtopth to 
will depend upon circumstances. When soimdings of over 20 Zm^u 
fathoms are taken from a boat, it gives a great deal of labour. JJjS^ 

When the boat gets to the end of her line, and turns to pull mrM. 
along to the end of the next one to return, soundings should 
still be carried on, as before. 

The method of using the station pointer has been explained 
under the head of " Station Pointer." 

It only remains to note that it must be recollected, in 
getting the fix, that the right or left angle (according to 

K 



in look. 
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whether a right-handed and left-handed station pointer is in 

j^^ the boat) must be observed of a sufficient number of degrees 

Poiiit«r to to be measured on the instrument, if possible. If this cannot 

\n^ ' ^ fSP^* recourse must be had to tracing-paper for plotting the 

position. 

The sounding book need not be ruled. There are several 
ways of writing down the objects used for fixing and the 
angles between them, but the best, if space permits, as it does 
in the sounding book supplied by the Admiralty, is to put 
them down as you look at them, the right-hand object to the 
right, the middle one in the middle of the page, and the left 
one on the left-hand side. The sounding at the fix goes on 
the extreme right, and subsequent soundings up to the next 
fix, in a row underneath, thus — 

X14 P^oda 28*' 81' Mat eSI** 14' Can 7* 

7i 8 X X 8i 9 X X 10 x 
8 m m 

„ 23^02' „ 60^08' „ 

Pea 41<» 17' „ 11 
m 

^^^ The cross ( x ) signifies the same sounding as before ; and 
it may here be mentioned that aU soundings must be put 
down, even though there may not be room for half of them 
eventually ; as, the man heaving regularly, if all his casts are 
not roistered, the change of fathom will not come in its true 
place when interpolating between the fixes. 

Space must be left under each line for the soundings, as 
reduced to low water, to be written in in red ink. 

A check angle should be taken, from time to time, to make 
^^^^ certain things are right, as is noted above at the last cast, in 
the example Can to Pea. This is especially necessary at the 
commencement of work with new points, as mistakes trill occur 
in plotting points occasionally. A check will show at once 
if points are true, and if the angles have been taken correctly. 

The time must be noted every now and then, for the re- 
duction of the soundings to low water. 
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The nature of the bottom must be taken every few caste, v«tim of 
and recorded, the officer having a look at it from time to time ^ 
himgelf, to make certain that the leadsman is calling the stuff 
he brings up by ite right name. For instance, many men 
will insist on calling '' stones/' rock, which is of course quite 
a different thing. 

The same objecte should be taken for the fix as long asi 
possible. It tends to check errors in reading off, as the angles J^'^jJ^J)^ 
at each fix will bear a definite proportion to the last set. For 
instance, if we are pulling off shore with both Mat and 
Pagoda astern of us, t^e angle will be less each time, and a 
reading of say 33^ instead of 23° would be at once detected as 
erroneous, before the disjointing of the line when the fix was 
plotted showed there was '^ something wrong somewhere." 

The variation in the angles will also enable us to see 
if the ''fix" is remaining good. This plan also saves time 
in setting the station pointer verniers. 

When assistante are not thoroughly used to the work nf ironwlty 
sounding, it will be necessary to have two in each boat^ to ^•■■'■^ 
ensure no mistake ; but when not only officers, but men get 
used to it, one officer will in most cases be able to carry on 
the work by himself, with the assistance of a man to write 
down for him. Now that seamen are all taught to write, there 
is seldom any difficulty in finding one of the boat's crew, the 
coxswain if possible, to write down fairly. The same man will 
steer generally, and so permit the officer to keep his eyes for 
other matters. 

In deep water the boat must of course be stopped, and the 
leadsman will only lieave when told. The interval can be 
timed by watch, or, in very open deep soundings, by the 
Massey's log towing astern, fitted as described on page 46. 

The distance between the lines of sounding will depend: 
upon the scale and the character of the survey, also upon ^SIoT 
whether the place is inhabited or not, for where there are 8oui£sgi» 
natives, information can be picked up as to shoals, &c., from 
the fishermen. The value of this, however, largely depends 

K 2 
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upon the intelligence of the informant, and often cannot be 
trusted. 

If the coast or harbour be unknown, and the land of 
certain geological formations, it takes a great deal of sound- 
ing to be certain no stray rocks exist undiscovered; and, 
as was pointed out in our preliminary remarks, the majority 
of marine surveys are not on a sufficient scale, nor will time 
at disposal allow us, to sound as close as to be absolutely cer- 
tain nothing is missed. The surveyor must make up for this 
by keeping his eye ever on the look-out for discoloured water, 
and by examining every suspicious spot. 

It must always be remembered that in the ordinary scales 
used for surveying, figures may look close together, and yet 
be, in nature, quite far enough apart for a rock or bank to 
exist, without giving any indication in the lines of soundings 
passing on either side of it. On a scale of 3 inches to 
the mile, each figure will occupy a space of 50 yards 
nearly. 
SnfpieioiiB It will depend upon the orders received from the chief of 
^'•'"^ the survey whether suspicious ground is searched at once, or 
merely pointed out on return on board for further examina- 
tion. As a general rule, whenever the soundings, in pulling 
ofif shore say, decrease, it is suspicious, and the spot must be 
examined by intermediate lines, and looking out sharp with 
the eye as well. 
lynt^ii A small nun buoy, with light chain and a weight to anchor 

l>w>7. it \yy^ is useful in the sounding boat, to drop over on a shoal 
spot, so as to guide a boat working round and round while 
trying for stiU shoaler water. 
IkmUiiur In many cases it is convenient to run double the number 
th6Blwakr^£ jjj^gg in shoal water, (say out to 7 fathoms,) that are 
required in greater depths. In this case, one set of lines will 
be run first, and when the boat gets to the end of her allotted 
space, she will return in the opposite direction, and run inter- 
mediate lines. 

See Kg. 26, where we suppose the boat to start at A, work 
along the long lines to B, and then return to C along the 
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intermediate lines, crossing the old work at every line, and 
thereby getting a check on it. 

In sounding a harbour channel on a large scale, it is often Soimdhig 
convenienjt to stretch a lead-lin^ across from side to side, and ^^^^^"^ 
sound at regular distances apart by this line, shifting it for 
each section required. 

Sweeping for a reported pinnacle rock is resorted to when Sweopiiig. 
sounding fails to discover it. Two or more boats, pulling . 
abreast, tow a lead-line between them, well weighted under 
the stem of each boat. If one weight in the centre is used, 
the rock may very likely be missed. The size of the boats 
will govern the length of line between them. It is by no 
means an easy thing to do efl&ciently, so that all the ground 

F1G.20. 




shall be traversed without unnecessarily going over it again 
and again. If steam-cutters are used, care must be taken not 
to go too fast for the weights attached, or the bight of line 
will be towed nearer the surface than is intended. 

Shoal banks, out of sight of land, or too far off to use flonndiag 
marks, can be sounded by starring roimd the ship, at anchor J^jJ^Jf 
on it, or off its edge. For these, compass-bearings of the ship land, 
taken from the boat, with distance measured by the mast- 
head-angle, will probably suflSce in accuracy, the boats sound- 
ing in lines radiating from the ship in all directions. 

A large canvas ball or cylinder, on a light framework of 
iron and painted black, will be found very useful at the 
masthead when taking the angle for this purpose, as it will 
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dearly define the maathead, and alao indicates, ''Ship in 
position." 

Boats or beacons can be moored in convenient positions, and 
fixed by angles to one another, and to and fiN>in the ship, also 
at anchor, and the base obtained by masthead-angle, if it is 
necessary to sound a bank a little more accurately. These 
will then be ntsed as marks, and the soundings fixed by angles 
in the ordinary way. 
XeMuliig In aU sounding, the lead-lines should be measured on 
^j^' retxmi on board, and a note made in the book, ''Lead line 
correct," or so much out. When the line has not been used 
for some time, it should be' measured before leaving in the 
morning also ; but if it has been examined the evening before, 
this will not be necessary. 

While on this subject, it may be noted that new lead-line 
should never be used for boats* soundings. At the banning 
of the commission it may be necessary to do so, but after- 
wards make lead-lines out of old weU-stretched stuff that 
has been used for deep lines for ships sounding, and 
measure and mark them when wet 
VMMiltj The soundings must be put into the book to the exact depth 
obtained, but it will depend upon the scale, the general 
accuracy of the chart, and the thickness of the soundings, 
how far halves and quarters will be placed on the sheet. As 
a rule, fractions should be retained up to 6 fathoms, and over 
that depth only the even fathom, taking of course the fathom 
under the depth. Thus a sounding which, when reduced to 
low water, is 9}, will appear as 9 fathoms. 
^ The necessity for accuracy in reducing soundings to low 
"" water will also very much depend on the scale of the chart 
and the depths. It is evident that with soundings of over 
6 fathoms at low water, if we axe using a small scale, where 
the size of the figure placed on the chart will, in reality, 
cover ground on which we have taken five or six soundings, 
any nicety of reduction is an absurdity, and labour thrown 
away; but in sJtaUaw water the reduction will be just as 
necessary in a small scale as a large, as a sounding of 5 



for fine- 
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fathoms will be a danger or not, according to what amount 
of reduction we apply. 

It is usual in surveying vessels to depart from the time- cuiinc 
honoured habit of calling soundings, and to call simply "six *>'"™8«' 
and three-quarters/' "five and a half/' and so on. Ihis is 
simpler, and saves time. The men should also be trained to 
call out sharply, and on no account allowed to drawL 

There are, however, two exceptions to this. "Seven" and 
" Eleven " have a great similarity when called from the chains, 
and to prevent mistakes, " Deep eleven " should be called. 
Similarly " Nine " and " Five " sound much alike, and " Deep 
nine" should be given. "Five" and "Seven" are given 
simply. 

On all occasions, whether in ship or boats, when the leads- •*! 
man suddenly gets a shoaler cast than expected from his^ 
previous soundings, he should call out " Shoal water," without 
waiting to complete his usually fruitless endeavours to gather - 
in the slack line, and find out the depth. The author has 
been on shore from the neglect of this, the leadsman being 
foolish enough to wait imtil he had repeated his cast, so as to 
give the correct depth, and gave no warning to the officer on 
the bridge until too late. 

Belcher proposes a plan for ascertaining the depth on a bar Btkbw'f 
which it is desired to cross, without risking a capsize, which |^|[^ » 
may be quoted, though we have no knowledge of its having 
been practically tried. He suggests anchoring the boat as 
close to the bar as is safe, with the tide at flood, and veering 
away a barricoe with a grapnel hanging at a given length of 
rope. The barricoe is permitted to drift freely over the bar, 
when the anchor catching, will give a shock to the barricoe 
that will be seen by the watcher in the boat, and will indicate 
that a less depth than the length of the cable allowed to the 
anchor is on that part of the bar. 

The line attached to the barricoe, with presumably a tripping 
connection with the grapnel, will bring the apparatus back to 
the boat, when she can test another part of the bar in the 
same manner. 
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The soundings over a certain depth, about 20 fathoms, can 
generally be most advantageously done from the ship. 
Vmal Where a steam winch is fitted, soundings can be got with 

'^ great rapidity ; and by dropping the lead from forward and 
heaving it up to a davit fitted on the tafifrail, up-and-down 
casts can be got in 40 fathoms at a speed of about four and 
a-half knots without stopping, with a 100 lb. lead. 

Crenerally speaking, in making a chart, it is sufficient if the 
soundings are carried out to a depth of 100 fathoms, but this 
must vary very much with the nature of the coast. 

To minimise labour and time, a variety of methods are used 
to get the lead and line forward after sounding, and to drop 
^aow it again. The following has been eventually adopted by the 
lomiiiffig. ,^^y^ j^^ j^j^ worked very satisfactorily. 

An endless roimding line of lead-line was carried from the 
winch, by leading blocks, to a block on the foreyard-arm, then 
to a block on the sounding davit aft, and then again to the 
winch. . In this rounding line, at every 5 fathoms, were cut 
splices, forming loops in the line. 

On to the lead was lashed a slip, of the form in Figure 27. 

The block on the foreyard had a square board firmly fixed 
at its head, projecting about 8 inches beyond it. 

When the lead was hove up from the bottom to the sound- 
ing davit aft, the tongue of the slip was passed through a loop 
on the rounding line. The latter was then brought to the 
winch, and the lead being lowered into the water, was hove 
up to the foreyard by the rounding line. When the striker a 
touched the board on the block, the tongue of the slip was 
freed, by the striker pushing down the catch c, and the lead 
fell from the yard-arm. A sounding could be obtained every 
2 J minutes in this way, when required. 

By dropping the lead well away from the ship, as was here 
done, the chances of the lead-line fouling the screw, if the 
helm was over, were much lessened. 
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a. Iron rod Striker, connected 

to catch e, by a pin. 
h. Tongue of Slip. 

c. Catch, working on hinge. 

d. Fairlead lor Striker. 
/. Wooden board. 

g. Block on ibroyard. 
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initnL- There are a variety of instruments now invented for giving 

JJJ^I^ the accurate depth when the line cannot be got up and down ; 

dn^ some depending on a fan which works a series of cogged 

wheels, as Masse/s ; others, on pressure at different depths. 

These are all useful, and when their errors have been obtained, 

may be attached to the lead with frequent advantage. 

Sir William Thomson's newly invented pressure-^uge has 
yet to be tried to ascertain whether it stands the test of long 
and hard work. The first navigational machine by the same 
inventor is not adapted to surveying as at present fitted, 
though eminently useful for the purpose for which it was 
designed. 

We know nothing personally of Lucas's machine, though 
informed it is very good. 

Burt's bag and nipper are useful when the ship drifts away 

from the vertical position over the lead, and one should always 

be handy when sounding. 

Parfeet ^^ ^'^ evident that a perfect machine is more trustworthy 

"^•^J**^ than the record of an up-and-down cast with the ship in 

motion, as given by a fallible man ; and when such perfect 



machine is invented, it will be gladly adopted by surveyors ; 
but, up to the present time, the machines are more liable to 
error than a trained man, under most circumstances. 
Long linM In localities where currents are prevalent and vary, when 
SJIJ'S^ we are running long lines of soundings in the ship off shore, 
•how. out of sight of land, it is very important to get, on the re- 
turn line towards the shore, a fix as soon as possible. The 
soundings we are obtaining may be hereafter used, especially 
where fogs are frequent (as, e,g, British Channel, Bay of 
. Fundy), to give vessels a notion of their position, and we 
must therefore use every dodge to get our true position at 
the earliest opportunity, so as to depend upon dead reckoning 
as little as we can. 

Two theodolite stations, from which a large flag at the mast- 
head can be observed as soon as it appears above the horizon, 
is a plan sometimes employed. These need not see one another. 
As long as their relative positions on the chart are known, 
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and the true bearing of the zero employed hias been established, 
the angles to the ship can be plotted. 

It is scarcely necessary to say that an observer will be on Sunreyw 
the topgallant yard of the ship, as he may, from atmospheric ^^ 
or local causes, be able to see something on the land before 
the theodolite observers catch sight of the ship. 

True bearings come in useful again. The angular distance 
between the sun and the mountain, or other object, seen from 
aloft, will be taken by the observer aloft, while the sun's alti- 
tude is taken from deck for the azimuth. 

Another method is to have one or two ships anchored as far itedm. 
from the land as they can fix, which observe, and are observed 
from, the sounding ship, as she runs in and out on her lines. 
A ship can easily, in light winds, anchor in 100 fathoms^ and 
even in deeper water. 

When land stations are employed, heliostats are useful, as vm of 
informing the running ship that she is seen from the station. ^•******^ 
Aflash will tell the of&cer aloft that a sounding can be taken, 
with the certainty of an angle being got to the ship, for which, 
perhaps, she has been waiting. 

If not able to return and pick up the land before nightfall, PodtLm 
blue lights and rockets are useful, both from stations and *'*•' *** 
moving ship. 

A true bearing of a light, or mountain, if visible, as it often Vm of 
is a great distance on moonlight nights, can be obtained in ^'^^'^ 
the northern hemisphere very conveniently by the angular 
distance from the Pole star, as described on page 250. This 
angular distance can again be taken from aJoft ; but in the 
case of Polaris, we require no altitude.. 

If Polaris is not available, a time azimuth of a star near the 
prime vertical will give a good result. Should the resulting 
longitude differ much from the assumed, it may be necessary 
to re-calculate. Altitude azimuths cannot be much trusted in 
at night. 

When objects are visible from deck at night, and we can CompaM 
rely on the compass, very good bearings can be taken with ^***™8»' 
the standard, if a tripod be fitted to carry the lamp and throw 
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the light down on to the card, but yet allow the azimuth 
arrangements of the compass to be used, as in the daytime. 

Deck A ruled " Deck Book " is convenient for ship's sounding. 

**^*' In this everything taken from the ship should be recorded, 
as, rounds of angles when the ship is used as a station in 
main triangulation ; elevations with sextant, and the corre- 
sponding fix ; sketches of little bits of coast, &c. 

SSABCHINa FOB VIGIAa 

Diffionit of In searching for a " vigia," it is difficult to say when its 
^^"'"^^^ existence is to be considered as disproved. Although expe- 
rience shows that nine out of ten of these bugbears and blots 
on the oceanic charts have been mistakenly placed there, from 
reports of floating whales, wrecks, and patches of eonferom taken 
for discoloured water over a bank, &c., still the apparently 
astounding manner in which coral banks rise from very 
deep water must always make us careful of assuming from 
a hasty search, that no shoal water exists near a given 
locality. 
Ana of The area over which to search must always be large, as 
■•"^' ship's reckonings, especially as regards longitude, are so often 
considerably in error. In the vicinity of such reefs also, 
currents are generally accelerated, and altogether we must 
allow a large margin, in undertaking to search for a danger 
reported in a particular spot. 
bnaU area In clear bright weather, coral banks will show some miles 
^J^?2]J^" with the sun in the right direction ; but under other circum- 
ont rnnoh stances it is quite possible for a ship to pass within a mile of 
"'*****^"' a bank with as little water as 3 fathoms on it, without its 
being detected. 

Assuming that coral reefs are built on submerged mountain- 
peaks, a little consideration will show that there is nothing 
extraordinary in a shoal near the surface standing in 2000 
fathoms water, on a base of not more than three miles 
diameter. 
The^ annexed sketch, Fig. 28, will show that we are not 
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aasuming an improbable steepness of side to the submerged 
island. 

This allows ns to pass little more than IJ miles from 
such a shoal, and still get a cast of 2000 fathoms, so that even 
a positive sounding of great depth will only cover a compara- 
tively small area, and soundings of a hundred fathoms, no 
bottom, do not assure us of anything to a certainty, except 
that the reef does not exist within a few hundred yards of 
that cast. 

The difficulty of fixing the position at sea to within three Doubt u 

miles or so, adds another element of uncertainty to our search, pogitum. 

so that it is only by crossing and recrossing the area to be 

examined that we can at length say, positively, nothing is 

there. 

This is especially the case where the reported danger is Credenpe 

in ivpoiti* 




out of the usual track of ships, as there is nothing improbable 
then in its having escaped notice up to that time. TVliere the 
locality ia frequently passed over, there is more primd fade 
reason for doubting the report, and in many instances, a cross- 
examination of the person making the report, will show how 
very slight is the ground for it. An actual cast of the lead 
seems a fact impossible to make a mistake about, but instances 
have occurred where this also has proved to be so, even with 
so-called "bottom" brought up. In cases, however, where a 
sounding has been obtained, we must conclude the report to 
be true, and a rigorous search must be made before the vigia 
can be obliterated. 

As a general rule, for the first commencement it is best to Pmimi- 
run lines east and west in or near the latitude reported, JJ^wli. 
as this is more likely to be near the truth than the longitude. 
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When going to make an exhaustive search, the first day is 

perhaps best spent in doing this without getting more than 

may be one positive sounding, as we can cover more ground, 

and, if the danger exists, we have a good chance of finding it 

by sight, or by the soundings taken when the ship is running, 

as of course the deep-sea lead will be kept going constantly. 

Lying-to It is rather unpleasant to be drifting about at night with 

^JSjui nt reported reefs in the vicinity, and by no means a bad precau- 

night tion is to to ease a kedge anchor down to 100 fathoms or so, 

which may bring the ship up, or at any rate show, by drawing 

ahead, that bottom is reached, before she strikes on the reef. 

At night the vicinity of a reef in open ocean may be indi- 
cated by fish, which invariably frequent these isolated spots, 
and here phosphorescence will help greatly in making their 
presence very apparent. 

In daytime, birds, which generally congr^ate wherever fish 
are plentiful, may be an indication. 
Bediioii 111 eveiy case, of course, the surveyor transmits home a plan 
^J^^[**^ of his track and soundings, as it is at headquarters only that 
grapher. a decision on the matter can be arrived at. 

Under the head of " Sea Observations " will be found hints 
as to early ascertaining of the ship's position, a most important 
matter on each morning. 
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CHAPTER IX. 

TIDES. 

All soundings in published charts are given for low water at Udal 
ordinary spring-tides ; we therefore want all the information j 
we can get abont the tides, and the very first thing to be done i 
on arriving on the surveying ground is to commence observa- 
tions on them. 

There are very few parts of the world in which we have 
absolutely no knowledge of the tidal movement, so we have 
generally something to commence upon. That is, we usually 
know within an hour or two the time of high water at 
full and new moon, called H. W. F. and C. on the charts, as, 
except in estuaries or peculiarly shaped coasts, this will not 
difiTer greatly from places near at hand, and the same may be 
said for the range of the tide. 

It will altogether depend upon our length of stay in any iMibrau 
locaUty, as to what we can hope to find out about the tides. ^Jfo, 
To get fuU information requires observation during months in diiEvent 
succession, as in many parts the tides vary considerably at j^ 
different times of year. The number of high and low tides in a 
day, in certain places, departs &om the normal phase of from 
6 to 7 hours for each rise or fall ; in others, the tide will take 
longer to rise or fall, than vice versd, &c., &c. A long series 
of this kind is therefore very valuable, as the tidal theories are 
at present far from fulfilling all the requirements of observa- 
tion all over the world, and good data are much wanted, but 
it is not often we can do this. 

It will be seen, then, that tidal observations for the practical 
reduction of soundings for purposes of navigation are one 
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thing, and those for obtaining additional data for scientific 
investigation are another. 

We shall mainly concern ourselves with the former, where 
much rougher observations are usually admissible ; but here, 
again, it must depend upon the scale and nature of our chart 
what degree of nicety is requisite. 
Admixaltj The tides are fully discussed in the ' Admiralty Manual of 
JjgJJ^ •» Scientific Inquiry,' article " Tides," to which excellent treatise 
on the subject we refer the reader for many points of the 
theory of the tides not touched upon in these pages. 

The general 'Instructions for Hydrographic Surveyors' 
also contain many valuable hints on the tides. 
LoMl A regular series of observations, even for our practical work, 

^JJJ^' should be taken if possible ; but in many cases the necessity 
for leaving tide-watchers encamped is inconvenient, and may 
be unhealthy, and we may have to be satisfied by obtaining 
what will be sufi&cient to enable us to construct the chart, 
which is our immediate business. 

In other cases we may only be staying a few days at «a 

place, as when making a plan of a small isolated harbour. 

Obferrm- What we absolutely require in making a chart, is to know 

^l^j^^jj*" the height of the water, whilst sounding is going on, above 

the level of low-water springs, which is called the " datum for 

reduction." 

We shall also wish to ascertain, if possible, the " establish- 
ment," which is the time of high water at full and new 
moon, called in the charts, " High water at full and change ; " 
the rise of spring-tides above our datum ; and the range of 
the tides at neaps, as these will give valuable information to 
the navigator. 

We may here give definitions of some of the terms used in 
speaking of the tides. 
Defini- " Eise " of a tide is the height of the high-water level above 

"*' the low spring datum. 

" Eange" is the difference between the height of high and 
low-water levels of any one tide, without any reference to the 
datum. 
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The '' semimensual inequality of heights " is the difference 
between the heights of spring and neap tides above mean 
water-leveL 

The '' diurnal inequality of heights " is, in irregular tides, 
the difference between the height of high water of each 
successive tide. 

The "age of the tide " is the interval between the time of 
new or full moon, and the tune of the next spring-tide, and 
varies &om Ij^ to 3 days. 

The '' lunitidal interval " is the time that elapses each day, 
between the transit of the moon over the meridian, and high 
water. 

The '^ establishment" may be also defined as the lunitidal 
interval when the time of moon's mer. pass, is Q\ 0"*. or 
12^ OO". This is called the " vulgar establishment." 

The " mean establishment " is the mean of all the lunitidal 
intervals in a semilunation, and may differ considerably &om 
the vulgar establishment. The latter is the high-water full 
afild change given in the charts. 

The "semimensual inequality of time" is the difference 
between the greatest and smallest lunitidal interval 

The " diurnal inequality of time " is, in irregular tides, the 
difference between the lunitidal intervals of each successive 
tide. 

The varieties in the motion of the tides is caused, first, by Ctue of 
the relative positions of the sun and moon, and secondly, SwSil 
by local influences, such as the conformation of the land, 
winds, &c. 

It is the existence of the latter which causes most irregularity 
in the tides. Where they are absent, or present in such a 
form as to exert a continual influence on the movement of 
the water, the tides will be regular, that is, they will follow 
a certain rule, which will apparently be dependent solely on 
the places of the sun and moon. 

The height of the barometer also affects the tide con- 
siderably, the higher the barometer the lower is the level of 
the water. 

L 
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The time of the moon's transit over the meridian gives ns a 
Stored to rough measurement of the relative position of sun and moon 
Xoon'f in right ascension^ and it is therefore to this meridian passage 
of the moon that we refer all calculations of the tides. 

K the tides are regular, we shall find that on days on 
which the moon passes the meridian at the same time, the 
times and heights of high and low water will be the same. 

This knowledge is very valuable in many surveys where 
from local causes we cannot always have a tide pole going, as 
from previous observation we can, when the tides have been 
found to be regular, construct a table founded on moon's 
meridian passage, &om which we can take out a reduction for 
soundings, when working on a small scale. 

WheA we arrive on our surveying groimd, then, one of the 
first things to do will be to set up a tide pole, whatever is 
going to be the character of our observations. 
Podtioii For this we want a sheltered spot, if we can find one, and 
Pole. * ^^ ^™^ ground on which to place it, as nothing is more 
annoying than to find the pole down, especially when out 
of sight of the ship, when the tide-watchers, unassisted, 
generally succeed in putting it up again in a different 
position. 

If a pier is available, there is nothing so simple and satis- 
factory as a plank secured to it, marked in feet and inches, 
the former being painted red, white, and blue alternately, 
with bold black figures. 
Tide polM. If we have no pier, an ordinary spar, shod with an iron 
spike and painted as above, driven iw far into the ground as 
possible and well stayed to heavy weights, anchors, rocks, or 
whatever we can get, will stand well, and generally answers 
our practical purposes. This may sometimes be so placed as 
to be read from the ship with a glass. 

If, however, there is no shelter and much wash of the sea, 
and accurate observations are required, we must use a tube of 
some kind. 

A square one of deals can be knocked up on board ; but it 
must not be too small, as we shall want a slit down one side 
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through which an indicator fixed to a rod carried by a float 
inside may work, and the water washing in by this slit 
will destroy the value of the tube, unless the area of it be 
large enough to make the water thus admitted too insigni- 
ficant in quantity to disturb practically the surface of the 
water inside. Where there is not much range of tide, the 
slit can be dispensed with, and the rise and fall marked by 
an indicator protruding from the top of the. tube, (which in 
this case could be a boiler tube,) and marking on a scftle 
lashed so as to project above the tube. The water would 
be admitted by holes bored near the bottom of the tube, if it 
is to be placed on muddy ground. 

Whenever it can be done, a mark should be made on some VbMd 
fixed object near the tide pole, corresponding to some mark j^ta^L. 
on the pole, which can then be replaced in the same position 
if it accidentally gets displaced. 

The level of the water on the tide-gauge should be noted Bma of 
every hour of, if we are going to make a regular series, both ^|^^ 
night and day, if simply to get a datum for soundings, only of 
the day, except at springs, when it is as well to get the high 
and low water at night also, as night tides in some places 
and at some seasons are lower or higher than the day ones. 

It is not amiss in any case, when nothing is known of the 
tides, to observe for twenty-four hours, at half-hour intervals, 
as a commencement, as this will tell us whether the tides are 
regular or not, and we can take observations accordingly. 

To get the time and height of high and low water accu- Hlgli and 
rately, observe every ten minutes, for half an hour or so, JjJJ^^ 
before and after high and low water, and calculate from these J 
records the exact time and height required. 

This is best done by projecting graphically thus : — ^Divide ftrapUo 
a line into equal parts to represent hours and minutes, and 
from this, at the corresponding time, set off at right angles 
distances, on any chosen scale, to represent the height of tide 
registered at that time. These spots, joined by a curve, will 
enable the time and height of high or low water to be arrived 
at much nearer than by simple observation. 

L 2 
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drawing a horizontal line from the X. 10 position to the 
opposite side of the curve, . bisecting it, and letting fall a 
perpendicular to the line of time, we find X. 32 as the time 
of high water. The compasses, measuring the highest point 
of the curve, gives a little over 13 feet 1 inch as the height 
];Qarked on the pole. 

If we are at the place during the spring-tides, we can get a 
fair low-water datum by observation, and all soundings will 
be reduced to that, by the height marked on the pole above 
this datum, at the time the soundings were taken each day, 
being subtracted from them. But it may happen that we 
arrive at the place a few days after a spring-tide, and leave 
again before the next one. The only thing to do is to note 
the high-water mark on the shore, and ascertain by measure- 
ment how far it is above the high tide of the day as marked 
also on the shore, subtract the same quantity from the low- 
water mark on the pole of that day, and call that the low- 
water spring datum, subtracting perhaps a foot or two extra, 
to be on the safe side. 
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Thus, suppose at high water our pole marks 13 feet 1 inch, 
and the high-wat^r mark on the beach is 2 feet 6 inches 
above the level of the sea at that time ; at low water the pole 
marks 5 feet 8 inches. This will give us 3 feet 2 inches as 
the probable low-water spring miark. I^ we reduce our 
soundings 2 feet below this W the 1-foot mark, we shall 
be pretty certain not to give too much water on shoal 
spots. 

An approximation of this kind would be of course noted 
on the chart when sent home, and also the manner in which 
the rise of spring-tides, which would be given as 14 feet, has 
been obtained. 

In still rougher work, an approsimation of the rise of BovglMr 
the tide may be got by having a marked boat-hook held^^[|^^ 
upright at the water-linia at time of low water ; the ob- * 
server then places his eye at the high- water mark on the 
beach, and reads the mark on the boat-hook, where the 
horizon line cuts the latter, which will be the fall of the tide 
that day below high-water mark. If it is the high-water 
mark of the day that is so used,^the result is the range of the 
tide for the day ; and if the distance that the springs' mark is 
above the day high-tide mark can be measured, we can arrive 
at the full rise and fall, as in the last article. 

This may be veiy useful in making a hurried plan of a 
bay, and thus the height of the water can be got by the officer 
putting in the coast-line from time to time during the day, 
without delaying him much, and to the great advantage of 
the correctness of the soundings being taken at the time. 

The ''vulgar establishment" is an exceedingly loose tenn, as : 
given on the charts. As it is strictly only on days when the ^ 
moon's mer. pass, is 12^ or 0\ that it can be directly 
observed, the surveyor is obliged to approximate to it in most 
cases. This perhaps matters the less from the fact that the 
establishment, even when correctly obtained, is seldom in- 
variable* 

The best way to approximate is to project the line of semi- 
mensual inequality as in Fig. 31, and measure the length of 
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the abscissfie from XIP. and 0^ for the vulgar establishment, 
meaning them if we get more than one. 
Thus, in example of Fig. 31, we should call it 3^- 55"*. 
If the tides are regular, especially as regards the semi- 
mensual inequality, the establishment may be roughly deter- 
mined by a method given in the ' Admiralty Manual,' from 
an observation of the tide at any period of the moon's transit, 
but which we shall not further discuss, as, in a case where it 
would be required, we should not know whether the tides are 
r^ular or not, and any assumption would probably end in 
very erroneous results, 
intarpo- In & case where only the high and low waters on any day 
J^^ ^ are obtained, the height of the tide, at times between, is best 
Tlda. to be got at by drawing a curve in the imagined course of the 
tide, after the manner of Fig. 30 ; the height on the pole at 



FIGlSO. 




any time can then be taken from this, and a table of reduo- 
tion formed for the day. 

Thus, in Fig. 30, where we have only got the times and 
heights at high and low water on that day, viz. H. W. at 
VI. 50, mark on pole 15 feet 7 inches ; L. W. at 1. 10, mark 
on pole 8 feet. 
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On a piece of paper, either ruled in squares for the purpose, 
or on ready-printed squared paper, which is very useful to 
have by one for tiiese like occasions, we draw a curve after 
.the fashion shown. Then, supposing our datum for reduc- 
tion to have been settled as 4 feet on the pole, our table of 
reduction for the day will stand as follows : — 



VI 11 ft. or 2 fms. 

Vn lU „ or 2 „ 

Vm 11 „ or 2 „ 

IX 9! „ or H „ 

X 8 „ or II „ 

XI 6 „ or 1 „ 

Noon 4i „ or \ „ 



I 4 ft. or f fms. 
II 4i „ or » „ 
ra 5i „ OT 1 „ 
ly 7 „ or U „ 
„ or \\ ., 



VI lOi „ or H 
VII \\\ „ or 2 



w 



This will of course be, as all attempts at arriving at any- 
thing with insufiScient data, only an approximation, but will 
probably be near enough for the purposes we want. If we 
intend great accuracy, we shall make arrangements to have 
the tide carefully observed throughout the day, whenever 
Bounding is going on, and take every precaution not to be 
reduced to these straits. 

When tides are found to be regular, a table of reduction TttUe of 
may be formed from the observations during one or more^J^J?**^ 
complete lunations, by tabulating the tides according to the certain 
time of moon's upper transit. Such a table may be very 1 
useful when the scale of the chart is small; and sounding can 
be earned on under tiiese circumstances, viz. regular tides, 
and scale of chart small, when no direct observations can 
be got 

In many places external circumstances control our wishes. 
For instance, it was found on the East Ooast of Africa that if 
men were landed to make a regular series of day and night 
observations on the tides, fever generally ensued, and conse- 
quently the record was restricted to day tides. Again, the 
tide pole may have to be so placed on a shelving shore, or 
among reefis, that a boat would have to be used to go out at 
high water to read it, and this may not be convenient. Often, 
for considerable tracts among reefis, observations may be im- 
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possible, and a table deduced, as above suggested, from fonner 

observations may be then used. 

Graphio lu forming such a table, it is best to project the tidal 

^^^ curves as shown in Kg. 30, but by the hourly observations. 

KoTtmrat It will then be seen whether the tides are regular, and days 

of similar time of upper transit of the moon can be compared, 

to see whether a table will give us the reduction near enou^ 

for practical purposes. 

The movement of the tides, as far as the high and low 
waters, are concerned, can be conveniently projected, as in 
Fig. 31, which will at once show whether the motion is 
regular. The example given in the figure shows the tides for 
a few days only more than a complete lunation, but it will be 
seen that by continuing it, the r^ularity or otherwise of the 
tides will be at once apparent. 

The diagram (which was made out by observations of day 
tides only) shows the heights of high and low waters corre- 
sponding to the time of moon's upper transit, as given on the 
hori2ont^ scale ; the heights in feet being given on the right- 
hand vertical line. The scale of lunitidal intervals is given 
on the left, and the curve of semimensual inequality shows the 
manner in which the time of high water varies, with regard 
to the moon's transit at different parts of the lunar month. . 
The time of moon's transit for each day should be roughly 
corrected for the longitude. 

The mean between each high and low-water height will 
give roughly the mean water-level. 
TrueKaui To obtain the true mean water-level in a few days, other 
2*2^ observations must be taken, and we subjoin an extract fix)m 
the " Instructions to H.M.S. Chailevigefr,'' which contains full 
directions, only adding that these observations must be made 
when the tide is moving normally, that is, when there are no 
strong winds to raise or depress tlie waterrlevel* 

'' A good determination of the mean level-sea b)r the simple 
operation of taking means may be made, in less than two 
days, with even a moderate number of observations properly 
distriXmted so as to stibdipide hoth sclar wnd lunar days iaUo 
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iwt less than three equal parts. Suppose, for example, we 
choose 8-hour intervals, both solar and lunar. Take a lunar 
day at 24 hours 48 minutes solar time, which is near enough, 
and is convenient for division ; and choosing any convenient 
hour for commencement, let the height of the water be ob- 
served at the following times, reckoned from the commence- 
ment: — 

8 16 

8 16 16 16 24 16 

16 32 24 32 32 32 

" The observations may be regarded as forming three groups 
of three each, the member of each group being separated by 
8 hours solar or lunar, while one group is separated from the 
next by 8 hours lunar or solar. In the mean of the 9 results 
the lunar and solar semidiurnal and diurnal inequalities are 
all four eliminated. 

" Nine is the smallest number of observations which can 
form a complete series. If the solar day be divided into m 
and the lunar into n equal parts, where m and n must both 
be greater than 2, there will be mn observations in the series ; 
and if either m or 7t be a multiple of 3, or of a larger number^ 
the whole series may be divided into two or more series 
having no observation in common, and each complete in itself. 
The accuracy of the method can thus be tested, by comparing 
the means obtained from the separate sub-series of which the 
whole is made up. 

'' Should the ship's stay not permit of the emplojnoient of 
the above method, a very fair determination may be made in 
less than a day, by taking the mean of n observations taken 
at intervals of the Tith part of a lunar day, n being greater 
than 2. Thus if 7is3, these observations require a total 
interval of time amounting to only 16 hours 32 minutes. The 
theoretical error of this method is very small, and the result 
thus obtained is decidedly to be preferred to the mere mean 
of the heights at high and low water. 

"The mean level thus determined is subject to meteorolo- 
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gical influences, and it would be desirable, should there be an 
opportunity, to redetermine it at the same place at a different 
time of year. Should a regular series of observations for a 
fortnight be instituted, it would be superfluous to make an 
independent determination of the mean sea-level by either of 
tlie above methods at the same time." 

In some cases the mean level of the water may be made ; 
use of as a temporary datum for reducing the soundings. bJJml* 

If, for instance, we commence soundings in a place where 
we do not yet know the spring's range, but intend to get it 
accurately after some months' observations, we may find it 
convenient to reduce all soundings to the mean level, as 
found by meaning each day's high and low water. Then, 
when we have ascertained the level of low springs below this 
mean level, one uniform quantity will have to be subtracted 
from every sounding, which will save a good deal of compli- 
cation and waiting, as the soundings may all be plotted 
without fear of mistakes in reducing them afterwards. 

This mode will be mostly used for shallow channels, where 
a difference of a foot or two is an important matter, but it 
is liable to the error caused by variation in the height of the 
mean tide-leveL 

The direction and rate of the tidal streams and other TUal 
currents must be observed. tadSiiz^ 

This is best done under ordinary circumstances ficom the *m«J5« 
ship at anchor by means of a current log, which is simply a ^^^^^^^ 
very large log-ship, and is worked in the ordinary manner, log. 
but with a longer interval of time. The line, which is small, 
is marked at every 10 feet, and is permitted to run out for 
an even number of minutes, varying according to the velocity 
of the current. 

Then the rate per hour of the currents number of feet run 
out, divided by one hundred times the number of minutes. 

Thus, if the log-ship is permitted to run for three minutes, 
and 220 feet of line pass out, — 

220 
Eate per hour =2qq= 073 knots. 
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This current log should be hove at stated times.whenever 
the ship is on her surveying ground, and at anchor, and an entry 
made in the current log whether there is anything recorded 
or not, as negative results are in some ways as valuable as 
positive ones. Where the tidal range is great, and streams 
change their direction, these observations will be made at 
comparatively short intervals, in order to ascertain the 
movement of the water at different times of the tide. 
Where streams are strong, and of importance in navigation, 
assistants will be sent to heave the current log from a boat at 
anchor in different positions. 

The current log can be kept by quartermasters, with super- 
vision. A watch or clock with a seconds-hand is a requisite. 
In the log will be entered the position, time, direction of drift 
of the logHship, number of minutes it was allowed to run out, 
and number of feet of line run out, wind and force. Blank 
columns for rate per hour, and time of tide, wiU be filled up 
afterwards by the ofiScer discussing the currents. 
Ximeof The direction of the tidal stream will frequently change 
^"jP ^ before high or low water, and when this occurs, we must 
of Tidal endeavour to find out whether the change of stream occurs at 
a regular time of the tide, as this is an important point in the 
navigation of channels. 
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C3HAPTER X. 

TOPOGRAPHY. 

The Bketching in of the topography, or detail of the land, 
is a point on which there is more variation, as to the manner 
in which it is done, than in any other of the steps of a 
survey. 

It is the least necessary part of a chart, which is destined 
mainly to guide over the water and not on the land ; bat as 
we are guided over the water ly the land, a perfect chart 
should have the features of the country correctly delineated, 
so as to assist the mariner in recognising the land by the 
mutual positions of peaks and other conspicuous objects. 
Furthermore, with our universal presence and interest all over 
the globe, it is impossible to say that an expedition may not 
want to start from some point on our chart, when information 
for a short distance inland will, in such a case, be most 
useful. 

As a general rule, the land should be put in as &r back Width of 
from the shore as it is visible from the sea; but this is^^. 
only a very general guide and must depend upon the distance n«C(otit 
of the back ranges, and the size of our sheet of paper. When 
the most distant mountains are very far back, we cannot 
spare time to do more than fix their summits by angles, get 
their heights and the extent of the range, and the country 
between must be a perfect blank. 

Often, in savage lands, the country will be too dense with Bovgli 
jungle to be able to do much to the topography by walking ^J|£Siij. 
over it, which is of course the only way to get it correctly 
mapped, and we must then be content to sketch what we can 
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see from the sea, and from the coast. By makiiig stations in 
the ship, drawing a sketch at each, and getting angles to all 
prominent parts, such as spurs of hills, valleys, ravines, 
smaller peaks, &c., which will be entered on the sketch, a 
very fair approximation of the position and shape of the more 
conspicuous elevations in the land, visible from seaward, will 
be made. The officer coast-lining will have got the entrances 
of all little streams fixed, and from the ship off shore we can 
recognise which ravines, or at any rate which of the larger 
ones, join on to these entrances. Topography put in in this way 
will present a somewhat detached appearance, and we can 
only fiU up the hiatus by writing on the chart the general 
appearance of the land intervening between the hills, as far 
as we can see it from aloft, as, " rolling grassy plain," " densely 
wooded and undulating," &c. Sometimes, on a coast of this 
description, we can get back from time to time to an elevation 
we see from the ship to be partially clear, and a sketch fit)m 
a position of that kind will materially improve our knowledge 
of the topography. 

By referring to the sketch at page 79 it will be seen how, 
with similar views from different points, ravines and valleys 
may be cut in, and roughly drawn on the chart. 
Eegnlar When, however, we can spare the time to perfect our chart, 
^^- and the nature of the country permits it, we should walk all 
over it, and sketch the topography on the ground. To do this, 
we must have as many conspicuous objects as possible fixed 
beforehand, and pricked on to a board, as for sounding or 
coast-line. Topography can be plotted afterwards, the same 
as can be done with coast-line or any other work, but it will 
be much more satisfactorily done if plotted at the time. 

We then walk over our country, fixing ourselves with 
angles on commanding spots, plotting the stations by the 
station pointer or tracing-paper, and drawing lines from them 
to all things we want to plot, spurs of hiUs, houses, valleys, 
&c., &c., and sketching the details immediately around us. 
To fix details for this purpose we shall often have to content 
ourselves with two angles only, and as long we do not 



CHAP.x. TOPOGRAPHY. 159 

use such points to carry on our stations with, this will be 
sufficient. A good deal of judgment is necessary in selecting 
spots to make stations, which cannot come without experience. 

In placing the details on the paper on the rough board, 
sketch in the line of a valley first by the stream at the 
bottom, and then the adjacent hills or spurs. 

These are best shown by contours. We do not of course oo&tovr- 
pretend that our contours are a fixed distance apart, but we ^' 
must endeavour to draw thetn approximately so, calling each 
contour line, 25, 50, or 100 feet apart, as the scale may 
require, and estimating the height of each spur, with the 
assistance of a pocket barometer, if we have one, which 
will give us roughly the height of each station above 
the sea, if we read it when we land, and whenever we 
have occasion to do so. Each contour must be continued 
on from one hill to the other, or imtil it meets itself again 
round the hill ; and as their number and closeness together 
will roughly indicate the height of the hill, we must be 
careful not to get more on one side of a hiU than another, 
or the value of this method will be lost, and the contours will 
simply show the shape of each spur, without reference to its 
relation in height, steepness, &c., to the next one, which is 
what we want to show as welL These contours will perhaps 
not appear in the finished chart, in which the mountains may 
be delineated in a difiTerent manner, but they will form an 
excellent guide for the amount of shade to be put on to the 
different hilla and slopes, and it is the readiest and quickest 
method of showing this at the time. 

Bed and blue pencils are useful for topography. With the Bad tad 
blue we show streams, and the red is used for marking roads, p^^yg. 
With only a black-lead pencil, the markings of these details 
are apt to get confused with the contour-lines to express the 
hills. 

Much topography can be done with the pocket sextant and Boekst 
compass only, the latter being only used, however, when^f**^ 
three objects to fix by cannot be got. The magnetic meridian, 
or several magnetic meridians, must be ruled on to the rough 
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board, to permit the use of bearings. When the only 
objects available are much above us or below us, correct 
angles cannot be got with the sextant; and though we allow 
ourselves a certain amount of latitude in our angles for the 
purpose o{ topography, it will often be necessary to take a 
small theodolite for tiie purpose. A pocket sextant can be 
taken as well, and the theodolite, which requires more time to 
set up and arrange, only be used when the sextant angles will 
be too erroneous. 

If we have a theodolite, we must take advantage of good 

opportunities to get a series of elevations and depressions for 

heights. 

DifflenttiM In taking angles with a sextant to objects on different 

2^^^^^ levels, try to find some natural mark which is exactly above 

•aglM* or below, as the case may be, the object the farthest from 

your level, and nearly on a level with the other object, and 

take this instead of the object itself. But it must be noted 

that xmless this second object is nearly at the level of the 

observer, the angle will still be incorrect. 

Fig. 32 shows a rough field board, before any shading is 
placed on the sides of the valleys, which will be done with 
the brush before the work is considered completed. 
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ROUGH CONTOURING ON FIELD BOARD. 
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CHAPTER XI. 

HEIGHTS. 

By Thedodolite — ^By Sextant — By Depressions to Masthead and Water- 
line — Obtaining Distance from Elevation of a known Height. 

For obtaining heights, we must mainly depend on angles of 
elevation with sextant from afloat, and of elevation and de- 
pression with theodolite from shore stations. The pocket 
aneroid, though useful, as described under " Topography," to 
get subsidiary heights, and assist in delineation of hills, is not 
to be depended upon. 
At all main stations, and, in fact, any station well fixed 
for oMain- ^jj^j conveniently placed, angles of elevation and depression 
Heii^iti. to the objects whose heights we want, should be taken 
throughout the course of the work. These are entered into 
the " Height Book," and worked out when we can get the dis- 
tances, and occasion offers, the results being tabulated and 
meaned. 

Elevations and depressions can be taken from any station 
whose height we shall eventually know; but it is evident, 
that, any slight error in the true height of the observing sta- 
tion will be carried on into all heights deduced from it, and 
therefore iWis well to get as many observations as we can from 
stations at the water-level, or so placed that the height above 
the water-level can be measured with a line. 
Um of I^ observing elevations and depressions with a theodolite, 

Theodo- the instrument must be in fair adjustment, and carefully 
levelled, and it is further necessary to take into account the 
errors of level and coUimation. 
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There are two ways of doing this. One is to take a series of 
observations with the telescope in its ordinary position, and 
then another with the telescope reversed, end for end, in the 
Y's, when the mean of these two observations for each object 
will be the correct amount of elevation or depression. This 
is the best way, and eliminates all error. It may, however, 
be sometimes convenient to proceed as follows : — 

Ascertain the collimation error by directing the telescope 
on to an object in elevation, reading the vernier, then turning 
the telescope round until the level is uppermost, and again 
adjusting for the object and reading the vernier again. Half 
the difference between the readings is the collimation error, 
which, when the reading taken with the level uppermost is 
greatest, will be added to observations of elevations made 
with the telescope in: its normal position, and svitracted 
from depressions. This collimation error is permanent for 
€dl positions of the horizontal arc. 

For level error, at each observation of each separate object, 
the telescope must be brought horizontal by the level 
attached to it, and the vernier of the vertical arc read. 
Whatever it reads will be the level error. 

The sign of the correction to be applied for this error 
is, for elevation, +, when the 0° of the arc is above the 
zero of the vernier when the tube is level, and — , when below. 
For depressions the signs will be reversed. Care must be 
taken that no mistakes are made as to these signs. For a 
tyro it is slightly confusing. 

Both level and collimation error must be applied to each 
observation. 

When the ship can be well fixed, sextant angles of elevation sextant 
from her with a sea-horizon will be very good, as good, in fact, *^*^*" 
as elevations with a small theodolite, as they are free from all 
possible errors of levelling, &c., and a sextant measures angles 
to 10 seconds, whereas a small theodolite is only cut to 
minutes. Even when the ship is within the limits of the sea- 
horizon, the results will be' good, providing the distance of the 
shore line is well known, and is not under half-a-mile. By 

M 2 
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observing from the lowest step of the accommodation-ladder, 
we can use a shore horizon at even less distances. 

Sextant elevations, then, are very useful, but we do not 
generally get so many opportunities of obtaining series of 
heights by it, and when at any distance from the land, only 
the skyline of hills will be clearly seen, so that it is principally 
to the theodolite that we must look to give us a mffi/Aency of 
elevations. 
Seralt of The angle of elevation measured by a theodolite, or the 
FormiS?^ sextant angle when corrected for height of eye above the sea, 
the lartiL is the angle between the tangent to the earth's surface at the 
observer's position, and the line drawn from him to the object. 
If the surface of the earth was a plane, all that would be 
necessary to obtain the height would be to work out in a 
right-angled triangle, Perp. = base x Tan angle of elevation, 
after the latter had been first corrected for the effects of 
refraction ; but as the earth is a sphere, the tangent to it. 
produced, will cut the line representing the height we want, 
not at the point where it leaves the earth, but somewhere 
above that, depending upon the distance ; the perpendicular, 
therefore, as worked out, will only give us a portion of the 
height required, the other portion being that below the 
tangent. 
SzpUiut- Thus, in Fig. 33, A is the position of the observer, A H the 
^p f, tangent to the earth's surface at his position, B a mountain 
peak whose height, B D, we want to obtain. The angle of ele- 
vation measured by a theodolite is B A H, and it is evident that 
the height we shall obtain by working out the triangle will be 
B H, leaving H D to be found independently. It will be seen 
that we are going to treat the angle B H A as if it was a right 
angle, when it is evidently more than 90° by the angle D C A 
at the centre of the earth ; but our figure is much exaggerated 
to show things clearly, and in practice the distances we use 
to get elevations are so insignificant, comparatively to the dia- 
meter of the earth, and consequently the angle D C A so small, 
that we can neglect this quantity without introducing any 
error in the result. With a distance of 60 miles, when the 
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angle is a degree, the discrepancy intaroduced into a height of 
6000 feet is only 2 feet. 

We require, then, to get H D to add on to B H in order to 
get the full height B D. This quantity, H D, is called " dip," 
an awkward nomenclature, as it is the same used at sea to 
express the angular quantity we apply to elevations taken 
with a sextant &om a height, to reduce them to the tangent 
to the earth, whereas here it is used to express a linear 
quantity. 

^^ FIG as. 




V 
d 



Let B H, or difiTerence of level, » 
H D, or dip - - - * „ 
H A, the distance in sea miles „ 
D C and A C, radii of the earth „ r 

Required the dip, ox p. 
Now, (p'\^Ty^r^ + d:' 

or, ;?» + r^ + 22>r = r* + d* 

Eliminating r* from both sides, we have 
;?» + 2^ = £p 

2?* is so small in practice, compared to 2pr that we can 
neglect it. 



Proof of 
Vormnlni 
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.-. 2jw = £p 

or, p^ — 
2r 

This will give us j> in miles. To bring out p in feet, we 
must multiply by the number of feet in a nautical mile, using 
an average latitude, 30^ 

^6060 

But, 2 r = circumference, 

IT 

^ 360° X 60 

IT 

21600 



IT 

. „ „ 6060 
• •^"^•21600'^ 
Which worked out gives 

Dip, OT p^cP X 0-8815. 

We can by this formula calculate a table of dip for different 
distances, by looking at which we can at once take out the 
dip required. See Appendix, Table O. 
BefinM- The dip we can therefore correct for pretty accurately ; but 
there is another thing to be taken into consideration, viz. the 
refraction, which, being variable, we cannot allow for so cer- 
tainly. 

The apparent position of one object from another, as seen 
through our atmosphere, appears higher, whether we look up 
or down. The amount varies with tiie difference of densities 
of the various strata of the air, which are constantly changing. 

All we can do is to take the mean re&action, and it has been 
found by experiment, that by taking ^ of the distance, re- 
garded as minutes and seconds of arc, and applying this to the 
observed angle of elevation, it will give us a fair mean result 
for the true angle of elevation, when this is small, as in all 
practical cases it is. It follows from this unknown amount 
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of error in the coefficient of refraction that, when possible, 
objects should not be observed for elevation or depression at 
more than a few miles distance. We cannot always command 
the maintenance of this limit, any more thaQ we can many 
other theoretical points in practical hydrographical work, but 
when circumstances are favourable, they must be regarded. 

Looking upwards, or from a denser into a rarer medium, 
the efiFect of refraction is to increase the apparent elevation 
This correction is therefore to be suUracted from elevations 
As the effect, when looking downwards, is also to raise the 
object, or, in other words, to decrease the angle of depression^ 
the correction for refraction must be added to angles of de- 
pression. 

An excellent ruled form is supplied by- the Hydrographic Height 
Office, which much facilitates the calculation of heights. This |^^ ^^^ 
form, bound into a book, constitutes the Height Book. A Book, 
specimen is given on next page, which nearly speaks for itself. 

The angle observed to the object is entered under the head E&teiing 
of either elevations or depressions, as the case may be; as ^J^^" 
observed^ in the case of theodolite; minus the correction for Eeva- 
height of eye, if with the sextant; and the distance in miles 
and decimals is entered under its head. 

To get this distance, if we happen to have it worked out in 
the triangulation, we shall of course use the calculated 
distance; but if not, which will be the case generally, we must 
measure it on our sheet, and enter the corresponding distance 
according to the scale. 

To get the refraction, multiply the distance by 5, which 

will give it us at once in seconds, as — ^ ^^^ ^ s= dis- 
tance X 5. 

This is entered in its proper column, and the angle, cor- 
rected by + or — this refraction, according as it is an angle 
of depression or elevation, is entered under Corrected Angle. 

We then work out the difference of level with these data on 
the opposite side of the page, the constant log being the log of feet 
in a mile, by which the distance must be multiplied to bring 
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result out in feet. The log given is that for 6075 feet, the 
number of feet in a mile in Lat. 44°. Theoretically we 
should have a different log. for different latitudes, but, as the 
utmost extent of error by neglect of this is 22 feet in a height 
of 6000 feet, we need not regard it. This difference of level 
is entered in its proper column. 

Take out the dip corresponding to the distance from the 
table,* which should be pasted into the commencement of the 
book, and enter that in the proper column. 

The column for height of theodolite is a little confusing, 
as sometimes it will be merely the height of the theodolite- 
telescope above the ground, and sometimes the height of 
it above the sea-level, which we shall enter, according as we 
want the height of observer's position, or of object observed 
as will be presently explained. 

We have now all the data necessary to obtain heights. 
When we have accumulated enough observations, we set 
about getting out results. 
Height There are four problems for obtaining heights, and the data 

Problem!. ^^ \^y^ for each observation will be combined according 
to what we want to arrive at. 

These four problems are as follows : — 
1st. To find height of object observed, when height of 

observer is known, and the angle is one of elevation. 
2nd. Ditto, when angle is one of depression. 
3rd. To find height of observer, when height of object ob- 
served is known, and the angle is one of elevation, 
4th. Ditto, when angle is one of depression. 

To understand the mode of combining the data, let us con- 
sider the Figs. 34 and 35. 

In Fig. 34, which is the case where the angle observed is 
of elevation, and comprises Problems 1 and 3, we may have 
either X or Y known, and wish to obtain the other. 
Height Suppose X to be known (Problem 1), to find Y, we have 
Y^X + (t + d)+f 1. 



* Appendix Table 0. 
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K Y is known (Problem 3), to find X, 

X = Y-(^ + rf)-/ 3. 

In Fig. 35, the case where the observed angle is one of de- 
pression, and comprises Problems 2 and 4, 

Suppose X known (Problem 2), to find Y, 

Y^X + (t + d)^f 2. 

Suppose Y known (Problem 4), to find X, 

X = Y-(^ + d)+/ 4. 

These four formulae, which it is also convenient to have 

FIG 34.. 

t^:::zz:.::::=:M^ 
J4> 




FIG 35 . 




X = Height of Otoerver's poBltton. 

Y= „ Obaerved „ 

d =Dlp. 

/ = Differenoe of lereL 

t = Height of theodolite above groond. 



written for reference in the Height Book, will enable us to 
solve any of the problems. 

When we are getting the height of the Object observed^ we Colnunt 
shall enter in the column of " Height of theodoUte," X + /, SjSf ^^ 
or the height of theodolite above the sea ; but when the ob- 
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servation is used to obtain the height of Observer, only t, the 
height of the theodolite above the ground, vill be inserted. 
Elevatioiif We must commence by collecting results of elevations 
level ilrrt ^^^ stations at the sea-level, or from stations whose height 
Meaned. above the sea-level has been measured, which will give us the 
heights of objects observed ; and also with depressions from 
stations to the sea-level, or to stations whose height above 
sea-level has been measured ; which will give us the height 
of the observing-stations. 
w^l*** Heights so obtained are termed "absolute," as being calcu- 
lated directly from the sea-level. 

All such heights must be obtained first, then, meaning the 
heights of one station which has the most observations, or 
of which the results agree best, we can work out all other 
observations from that station to other objects. We then 
mean another, and so on, using our observations either to 
obtain height of observer or of observed object, as is moist 
convenient, as we proceed. 
Dependent These heights will be " dependent," as resting on the as- 
*^ * certained height of other stations. 

No height can be considered cus exact, that is not the result 
of both elevations and depressions, as no matter how nicely 
a set, of depressions say, comes out, they will all include 
the refraction error, for the refraction correction is only 
approximate. This is with reference to detailed surveys 
only. 
Beztaat Sextant angles of elevation must be corrected for the height 
2J^ of eye before being entered in the Height Book as angle ob- 
served. They are then treated in precisely the same manner 
as the theodolite elevations. 
Aneroidf. The pocket aneroids should be tested up a known height, 
to get the value of each tenth, which will be from 92 to 
100 feet for a tenth, each instrument varying slightly. As 
before mentioned, they are useless in getting accurate heights, 
but will give very good approximations up to about 4000 feet, 
if in good order and constantly worked ; but their delicate 
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chain- work is so liable to rust slightly at sea, that the links 
will frequently stick if the instrument is not carried up 
heights continually to work it. Placing under an air-pump 
will serve the same purpose. See Barometer, page 30. 

It is useless to enter into intricate calculations of data ob- Only for 
tained by so small a scaled instrument as a pocket aneroid ; ^2"^" 
the impossibility of reading it exactly precludes any butH«l|^ti. 
approximate results, and a simple multiplication of the deci- 
mals of inches by the value of a tenth, as obtained above, is 
quite sufficient for the purposes for which we use the in- 
strument. 

There is a method of obtaining the height of an observer Height 
above the sea, from depressions taken to the masthead and ^J^^ 
water-line (or hammock-netting) of the ^p, by a theodolite, of Xait- 
which sometimes is very useful, as when, for instance, a rough water- 
plan of a small harbour is being made. The result depends ^•• 
entirely on the height of the masthead, distance not entering 
into the calculation. The angles of depression must be ob- 
served as carefully as possible, but in no case can the method 
be considered as exact. 

The formula is : — 

Height above masthead = height of masthead X sin 
depression of masthead x cos depression of water-line 
X cosec difference of the two depressions. 

When the observer's position is such that the angle to^^He- 

the masthead is one of elevation, the formula is as vation of 
. .. Maithead 

follows : — aad 

Depreedon 
Height below masthead =s height of masthead X sin ele- of Water- 

vation of masthead X cos depression of waterline^^ 

X cosec sum of angles of elevation and depression. 

(See Appendix H.) 

If the hammock-netting, or other fixed line, is observed in- 
stead of the water-line, the height of it above the water must 
be added. The height of theodolite-telescope above the ground 
must be subtracted. 
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From a hill, observed angles of depression to masthead 
and hammock-netting (13 feet above water-line) as follows. 
Height from hammock-netting to masthead being 98 feet. 



Dep. of masthead .. 
„ „ ham. netting 


.. 13 66 20 
.. 15 41 30 


Difference .. 


.. 1 45 10 


98 

Sindep. M. H. .. 

Cos dep. H. N 

Cosec diff. 


.. 1-991226 
.. 9-381813 
.. 9-983505 
.. 11-514464 


Height above masthead 
„ of do. above water 

„ „ observer's eye 
• „ „ theodolite .. 


2-871008 = 743 

.. 743 
.. Ill 

.. 854 
5 



Height of HiU « 849 feet. 

Obtaining To obtain distance from an angle of elevation of a known 

from ^ height is like using a lever with the ends reversed, and is 

vationof seldom had recourse to in surveying, as not being correct 
known . 

height, enough. 

As it may be, however, sometimes useful, we give two 
formulfie. 

The proof of the first, which is fairly accurate, is given in 
Appendix F. 

Where A is the height of mountain in feet, 

T is radius of earth in sea miles = 3438, 
and E is observed elevation reduced to water-level, and 
corrected for ^ the estimated distance, for re- 
fraction. 
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If the estimated distance should differ much from that given 
by the calculation, it should be recalculated with the correct 
allowance for refraction. 

An example is appended. 

Given height of mountain observed rs 2384 feet. 
Elevation .. .. 0^ 36' 26" 



Height of eye .. .. 16 ft. 
Estimated distance . . 30 miles. 

Obs. elevation .. 0° 36' 26' 
Height of eye .. 3 56 
Refraction .. 2 30 




E = 30 00 


h, = 3-377306 
6060 = S- 782473 


r = 3-536179 
Tan E = 7-940860 


Un miles 1-594833 
2r 3-837303 


1-477039 .. 30' = rTanE 
2 


2rA .. 3-432136 


2-954078 .. 899 7 = (r Tan E)« 


2rA 2705 
(rTanE)« 899-7 

3604-7 


.. 2 ) 3-556905 

1-778452 = 60-04 
30-00 




Distance = 30' 04 



The second method is more approximate, and is in con- Second 
nection with the Table E in Appendix. It is a handy ''**'"^ 
method, and as correct as is required for navigational 
purposes. 
Distance = \/ depr.* + alt in mins.* — alt in mins. 

The depression squared is taken out of the table direct, and 
the square of the altitude can also be looked out to save the 
trouble of multiplying. 

The altitude is corrected for refraction as in the otlier case. 
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Working out the same example, we have 

Dep.« for 2384 .. 
Eleyation' 



Eleyation 
Distance 



60 
30 

30' 



2704 
900 

3604 



lainrEiiiJNa. 

Simple Levelling with a staff is not much required in marine 

LereUing. surveying. Ascertaining the heights of the bases of light- 
houses above the sea is perhaps the purpose for which it is 
most used. 

This is called simple levelling, and gives us the height 
between the two required points only, without any regard to 
distance. 

A levelling staff and level is usually supplied to surveying 
ships ; but a theodolite and marked boat-hook or pole will 
answer the purpose, if we have not got the regular apparatus. 

Holding the staff at high-water mark, we place the instru- 
ment (level or theodolite) so far up the slope that we shall, 
when it is carefully levelled by the level attached to the 
telescope, read off near the top of the staff. The reading of 
this, called the lack station^ being taken, the staff is taken 
above us, and planted so that we can read just above zero of 
the staff, which is now at the fore station. The theodolite is 
now moved up the hill until we shall again, when levelled, 
read near the top of the staff; this will be another observation 
of lack station, and so on until the levelled telescope reads 
the staff on the spot whose height we want. 

There is no necessity to keep in one line directly for the 
spot whose height we wish to measure ; we shall do so if we 
can, as it is the shortest way, but in practice we are generally 
forced to zigzag. 

The difference of the sums of the readings of back and fore 
stations will be the height required* Where former are the 
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greatest, we are going up hill, and it is called me; vice versd 
is called a fall. 



Fob Hkioht of 



Light-house. 



Back^ 


Fope^ 


Reading of Slaff. 


Beading of staff. 


Water-level .. .. 12-64 

(1) 13-42 

(2) 13-81 

(3) 12-50 

(4) 13-06 

(5) 12-18 


(1) 0-63 

(2) 1*22 

(3) 1-52 

(4) 0-32 

(6) 0-87 

BafieofL. H. .. .. 3-45 


77-61 
8-01 


8 01 


69-60 
Height of base of Light-house abc 


ve High-water level .. 69*6 ft. 



For our purposes, when the distance of the staff from the Oorreo- 
theodolite is not great, or when the distance of fore and barck ^JJJ 
station from the theodolite are nearly the same, it wiU be neoeiiary. 
sufficient to observe readings with the telescope in one 
position only; but when the rise of the hill is slight and 
distances increase, especially when the difference of distance 
between fore and back station is great, and we require 
accuracy, the telescope should be reversed in the Y's, and 
being again brought level by the bubble, readings should be 
taken a second time. The mean will be the true reading. 

If the axis of the telescope and the attached level are per- 
fectly parallel, and therefore in adjustment, it will be shown 
by the readings agreeing when reversed at the first station, 
and we shall know that we need not take this trouble ; but it 
is necessary to ascertain this, as theodolites continually under- 
going carriage by boat are liable to many accidents. 

This method enables us, if necessary, to calculate the height 
of any of the stations where the pole is erected, but gives us 
no information as to the height of the spots where the theodo- 

N 
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lite stands. This can be obtained, if wished, by measuring the 
height of the axis of the telescope above the ground, when, 

Height of theodolite position = height of back station 
+ present reading of said back station — height of eye 
(back station being below ns). 

Distances measured will enable us to make a section of 
the ground traversed, but, as already remarked, this is not 
often required from the marine surveyor, and will not be 
enlarged upon here. 
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CHAPTER XII. 

OBSERVATIONS FOE LATITUDE. 

By Circmn-meridian Altitudes of Stars — By Circum-meridian 
Altitudes of Sun. 

Astronomical observations are largely used in all descrip- < 
tions of marine surveying. In all but small plans the even- ^ 
tual scale of the chart is decided by the latitude and longitude 
as obtained by observations of sun or stars, and we have seen 
that true bearings often enter largely into the construction of 
charts. In running surveys, or in searching for, or sounding 
over shoals, in mid-ocean, everything depends on the positions 
astronomically found, and every method of correctly finding 
the latitude and longitude is in requisition. In considering 
this subject, we will take first shore observations with artifi- 
cial horizons, where we require results as accurate as we can 
obtain with the sextant, to which instrument remarks will 15e 
confined, excepting so far as the theodolite is used for true 
bearings ; and afterwaiids, sea observations. 

In all observations of the heavenly bodies, instrumental EUmina- 
errors, atmospheric eflfects, and personal differences, largely j^^, 
influence the results. No matter how correctly we may take 
the actual observations, unless we can eliminate these variable 
quantities, the positions obtained will be in error. 

On every occasion, therefore, where accuracy is aimed at> 
the mode in which this elimination can be best carried out 
must be qojisidered. The general principle used in doing this 
is to get two sets of observations for one result, in such a 
manner that the errors of all kinds will act in opposite 

N 2 



i8o 



HYDROGRAPHICAL SURVEYING. chap. xii. 



directions in each set, and therefore disappear when the mean 
is taken. The precise way in which this is done will be 
described under each different observation. 



XatLtnde 
by Obfer- 
▼atioiiB 
<«AbM- 
lute." 



BntrnoM 
diffloQlt 



tionof 

Xrronin 

obterra- 

tiomfor 

lAtitad«. 



IaATTFUDE BT CntCUM-WrPiRTDTAN AIiTTFXTDES 
OF STABa 

Determinations of latitude are more simple in one respect 
than those for longitude, as they are " absolute," that is to 
say, they depend solely upon themselves ; whereas longitude 
has to be obtained by the difference of two sets of observa- 
tions at two different places, and is further complicated by 
the eccentricities of the chronometers upon which, when there 
is no telegraph, we have to rely. 

But, on the other hand, the observations required for correct 
latitude are more difl&cult to take, as, to arrive at anything 
like an exact result, we must use stars, and each step of the 
observation of these in an artificial horizon is rendered less 
easy by the fact of their being made at night. It is 
much easier to become a good day observer than a good 
night one. 

The errors to be eliminated as far as possible in observing 
for latitude are, firstly, errors of observation; secondly, 
instnmiental errors, as index error of sextant, error caused by 
refraction in the rays passing through the glasses of the roof 
of the horizon, &c. ; thirdly, atmospheric refraction, which 
varies much, and for which no known rule of correction 
thoroughly suffices ; fourthly, personal errors, caused by each 
individual's mode of observing the contacts. 

Errors of observation are eliminated by taking as many 
observations of altitude as we can, and we must therefore 
observe off the meridian, or what are known as circum- 
meridian altitudes ; which consist in observing from a short 
time before the meridian passage to a short time after it, and 
adding a certain correction to each altitude to make it equal 
to the meridian altitude, and thus get a mean meridian 
altitude, which, if we can calculate the correction exactly, will 
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be of much more value than actual observation on the 
meridian only. 

There remain the other errors, some of which may be 
directly allowed for, but only approximately ; others cannot be 
corrected at all, and the latitude resulting from observations 
of a single body, as e,g, the sun, will be therefore always more 
or less in error. 

The only way satisfactorily to clear these errors is to ob- Pain of 
serve stars, in pairs, of as equal altitude as can be found, one 
north, and one south, of the zenith. These errors will then 
act in opposite directions, as everything tending to increase or 
diminish the altitude on one side of the zenith, will act simi- 
larly on the other; but, in working out the latitude, the 
resulting error will iticreajse the latitude in one case, and 
decrease it^in the other, so that the mean of the latitudes 
obtained by each star of such a pair will approximate very 
closely to the correct one. 

To eliminate the artificial horizon roof error when observing 
pairs of stars, the roof must always be in the same position 
with respect to the observer, and therefore must be reversed 
when changing from face north to face south, and vice versd. 
If observing a single object, as the sun, the roof must be 
reversed when halfway through the observation. 

The use of a sextant stand, when once the observer has got Sextant 
thoroughly accustomed to it, is an immense assistance to good ***°^ 
observations, as the images of the stars, instead of quavering 
and shaking with every slight motion of the hand of the 
observer, remain perfectly stUl, and can be made to pass over 
one another with great accuracy. 

Certain preparations are necessary for good star observa- Prepara- 
tions, for all scurry that can be avoided, should be. ^^ 

In the first place stars must be selected and arranged for 
observations according to their pairs. 

If stars given in the * Nautical Almanac' only, are used, 
the chances are very much against a sufficient number of pairs 
being obtainable, as only a small proportion of observable 
stars are there included, especially with regard to south stars, 
of which there is great lack. 



Stan. 
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BtarCata- A surveying vessel will have the Greenwich and Cape 
*"*** Observatory Catalogues of Stars, and out of these enough pairs 
can nearly always be picked to enable us to get a satisfactory 
latitude in one night, including stars down to the fourth 
magnitude, which can be easily observed on an average night 
by a practised observer with good instruments. 
Choofli2ig The approximate altitude of each star must be calculated 
and inserted in a list in the angle book, together with the 
time of its meridian passage, its magnitude, the time that will 
be shown by the pocket chronometer that is to be used for 
taking time, whether it is K. or S. of the zenith ; and each pair 
must be numbered. The nearer together in point of time the 
two stars of a pair can be placed, the greater will be the 
chances of the elimination of the refraction errors, as in a few 
hours temperature often varies much, dews form, and many 
differences may arise in the atmospherical conditions. 

Stars over 60® of altitude are not usually good to observe ; 
as, though a sextant will measure over 120°, the image of the 
star will not be sharp when reflected from the index glass at 
such a large angle, unless the glass be unusually good. 

Altitudes of stars selected for pairs should not differ more 
than four degrees if possible. Generally pidrs within this 
limit can be found. 

If one star of a pair be lost, it is useless taking the other, 
unless a substitute for the one lost can be had. It is well, 
therefore, to be provided with spare stars for pairs, as this 
may often happen from clouds intervening, &c. 

Care must be taken, in choosing pairs, to leave sufficient 
time between each meridian passage for the due observation 
of each star before and after culmination. 

This will vary with the latitude and declination, as a star 
should not be observed so far from the meridian as to bring 
the mean of the altitudes observed less than a minute or so 
under the meridian altitude. Fifteen minutes, elapsing 
between each passage, will give plenty of time under most 
circumstances. 

Time must also be allowed for changing the position from 
north to south, and vice versa; but all this will vary with the 
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quickness and experience of the observer. Beginners must 
be satisfied with a few stars, and must allow more time. 

In preparing the ground we must look out for a spot Preparing 
whence we can see clear in the line of the meridian north ^^ ^^ 
and south, and one far enough from the beach to be beyond 
the distance where surf will shake our quicksilver. The 
latter point is sometimeis, as for instance where jungle comes 
down to the very beach, difficult to find, but it is well worth 
looking for, and going inland a bit to get it; as otherwise 
good observations may be rendered impossible from the 
vibration set up. The more solid the ground the better, as it 
is astonishing what slight causes will suffice to set the 
surface of the mercury in motion. 

Wind is a frequent source of quaking mercury, and care 
should be taken to have the horizon trough firmly placed, and 
the roof so fitted that the wind cannot get under its lower 
edge.* 

A screen of canvas to windward is sometimes a good 
thing, but on some ground this causes such vibration of the 
earth as to be worse than the free blast of the wind. 

If more than one officer is to observe, a screen of some 
kind should be put up north and south between the observers 
to keep the lights out of one another's eyes. 

In the tropics, and some other localities, mosquitoes must 
not be forgotten. In places where these plagues abound, it 
is preferable to court the wind instead of shutting it out, in 
order to free ourselves if possible of them. Sandflies are 
perhaps worse, as nothing wiU get rid of them, and many an 
otherwise favourable opportunity of getting stars has been 
spoilt by these wretched little insects. 

The spot for the artificial horizon being settled on, and 
the direction of the meridian taken with a compass, it is a 
good plan to dig holes, if the nature of the soil permits, in 
which to place the lantern used for reading off when not 
required, so as to avoid unnecessary glare. The best place 
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* Vide Artificial Hori2sozi, page 11. 
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for these will be on the left side of, and a little behind the 
observer's seat, and two will be wanted for each observer, one 
for the north stars' position, the other when facing south. 
If the ground will not admit of digging holes, buckets will 
answer the same purpose well enough, but not so well. 

If special lanterns can be got, these precautions will not 
be necessary ; but we are assuming observations with ordinary 
ships* lanterns. 

All these kinds of preparations should be made before 
sunset, if possible ; confusion will be sure to occur if things 
are delayed till after dark. 

For observations with a sextant stand, a small stool is 
wanted, as described under " Sextant Stand," and another for 
the observer's seat. It much facilitates good observations for 
the observer to be comfortable, especially when he is about to 
observe for several hours consecutively. 
Star Map. A good star map is very useful to assist in recognising the 

objects chosen. 

Srror of It will have been necessary to obtain the error of the 

^J^ chronometer on the day of our star observations, unless we 

required, have recently obtained error at the same place, and have 

confidence that the chronometers are going sufficiently well to 

give us the true time of place to, say, two seconds. 

Having thus made all preparations, and compared the 
pocket watches with the standard chronometer, and another 
as a check, we land to observe. We may here remark that 
we must again compare on returning on board. 
ObMrving Placing the artificial horizon north and south, we put on 
**•"• the roof, with the mark on it in the settled direction, 
according as our first star is north or south of the zenith. 

We then place the sextant on its stand, having first 
screwed in the inverting tube with the weakest-powered eye- 
piece. This should be adjusted to focus, as near as possible,, 
before screwing into the collar. 

PlcLce the sextant and stand on the stool, so that one of the 
three legs which support the staad is at right angles to the 
meridian, and on the right of the observer. 
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Set the vernier to a few minutes less than the estimated 
double altitude of the star. 

Move the stool with the instrument on it, so that, looking 
over the tube, we can see the reflection of our star in the 
artificial horizon. 

Point the telescope at this, and set taut the screw that fixes 
the handle of the sextant on to the bearing of the stand, 
then working the sextant right and left in the stand pivots, 
the other image of the star will soon dash across the field. 

Unless the star is moving rapidly in altitude there will be 
no further need to move the sextant on its bearing, and care 
should be taken that the screw is tight enough to prevent its 
moving while turning the sextant up to read, or the telescope 
will not point to the star, when directed to the horizon 
again, which it should do at once, and so save time in 
redirecting. B^inners often neglect this, failing to see the 
necessity for it ; and, losing time in looking again for the star 
after each reading, miss one of the great advantages of a 
stand, viz. that once fixed, the stars will always be in the 
field without any bother. 

With faint stars, when there are several of nearly the 
same brightness close together, it is sometimes rather con- 
fusing, and a beginner will find it very difficult to be sure of 
his star ; but comparison with the star atlas, and consideration 
of how the star wanted lies with regard to the others, will, 
after a little experience, clear up the difficulty. 

If the star be a faint one, it is difficult to bring it down to 
meet its image in the horizon by taking the sextant off its 
stand ; and if it is a bright one, there is no need to do so, as 
it cannot be mistaken if the estimated altitude is anywhere 
near the truth. There is then, in regularly pre-arranged 
observations, no necessity for doing this, and we shall trust 
entirely to the vernier being set to the calculated altitude for 
finding the star. 

Having brought the two images into proximity by hand, 
place the right hand on the- screw at the end of the stand-leg 
that has been arranged at right angles, and the left hand on 
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the tangent screw of the sextant^ when, by working these 
two screws, the images of the stars can be made to pass over 
one another exactly, and the word " stop " given. 

At this signal, the attendant bluejacket will hold the 

lantern up for reading off. The light should be thrown on 

to the arc from a direction as nearly at right angles to the 

plane of the sextant as possible, to avoid parallax. 

Beietting In taking the next observation, turn the tangent screw on 

obMrya- ^^ back, before commencing to bring the images together 

tion again, so as to be entirely free from bias as to whether the 

star is rising or falling. 

Time from The amount of time to observe before and after culmination 

varies with the position of the star and the latitude of the 

place as before mentioned ; but, as a rule, commencing six 

minutes before the calculated time of meridian passage, and 

continuing for a like time afterwards, will be ample, as 

we do not wish the correction eventually to be applied 

to the mean of the observed altitudes to bring it up to the 

meridian altitude to be more than 6ne minute, if we can 

manage it. 

Dedmals Observing as close to the meridian as is recommended 

]JJ^^^*"" above, the decimal parts of seconds need not be recorded in 

taking the time. 
Bedtfotioii The observed altitude of a heavenly body can be corrected 
5?jJ^' to the meridian when the hour angle and the latitude are 
known ; but if the hour angle is large, the calculation of the 
quantity to be added to the altitude is a complicated process, 
and it is only when the hour angle is small, and very little in 
error, that the formula assumes a simple and practical form. 
The error introduced by working with an assumed latitude 
also increases rapidly with the hour angle, so that we are 
confined in using this method to about twenty minutes of the 
time of meridian passage in ordinary latitudes ; but in obser- 
vations such as we are discussing now, which have for their 
object as correct a determination of the latitude as we can 
obtain, we must not observe mord than about ten minutes 
from the meridian, and perhaps less. 
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The best method to use in reducing observations to the 
meridian is that known as Baper's, in which the principle is 
to add on to the observed altitude the amount necessary to 
make it equal to the meridian altitude, and then to calculate 
the latitude as in a meridian observation. 

This amount is known as the ** Beduction to the Meridian/' 
and is so called because it is subtractive from the observed 
zenith distance. 

The formula used by Baper is* — 

Eeduction \^ ^^ ^ ^^^^ ^ Sec alt. x I^j??^,^ 
msecs.ofarc) Sm 1 

Vers H A 
Baper gives a table of — - - — :| „— for every minute and 

second of hour angle up to thirty minutes from the meridian, 
which is very convenient, and is given in Appendix N. It 
saves a considerable amount of figures in the calculation, 
and thereby diminishes the chances of clerical errors ; but the 
formula, as given above, can be worked out, if Baper's table is 
not at hand. 

The hour angle as marked by a watch beating mean time, ttdwMa 
or nearly mean time, will not be strictly correct either for a £2^. 
star or the sun ; as, for the former, it should be taken by 
a watch beating sidereal time, which gets over its 24 hours 
while a mean solar watch has only advanced 23**" 56"* O^*- 
nearly; and apparent solar time varies from day to day as the 
speed of the earth in her orbit varies ; but, within the limits 
we observe, the difference in ordinary latitudes i9 scarcely 
perceptible, and if we observe the stars of a pair about the 
same distance from the meridian, any little discrepancy will 
disappear in the mean. 

If it be desired to correct for the difference when observing 
stars, a constant log of 0'002000 added to the other parts of 
the equation will give a close approximation to the exact 
reduction. 

* For proof, see Appendix D. 
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Calenla- In working out the circum-meridian observations of a star, 
l^uotton. ^^ ^ ^^^ necessary to calculate the reduction for each individual 

Vers H A 
observation. As — — — -^^— is the only variable quantity in 

the equation, and as it varies with the hour angle, by taking 
this out for each observation and meaning these quantities, we 

Vers HA 
obtain a mean value of —— — -j^ — which we insert in the 

Sin 1 

equation, and add the mean reduction so found, to the mean 
of the altitudes. If working with Eaper's tables, we take out 

Vers H A 
the whole quantity — -, — ^— ; if without them, we look out 

the Vers. H A only, and introduce the log Sin 1" into the 

calculation with the other logarithms. 

Knowing then the error of the watch used on mean time of 

place, and the approximate latitude and longitude, the rule for 

working out circum-meridian observations of stars will stand 

thus : 
BTiie for 1. Calculate Greenwich date. 

2^^^ 2. Correct right ascension of mean sun (sidereal time of 
Bedvetlon. Nautical Almanac) for this Greenwich date, and subtract it 

from the right ascension of the star, which will give the mean 

time of star's meridian passage. 

3. Apply to this the error of the watch, which will give the 
time shown by the watch at the star's meridian passage. 

4. Mean the observed altitudes, correct this mean for index 
error, and divide it by two. To this apply refraction (corrected 
for thermometer and barometer) which will give true altitude. 

5. Write down the times of each observation in a column, 
and taking the difference between each, and the time shown 
by the watch at meridian passage, we get the hour angle at 
each observation, which place in another parallel colimm. 

6. Take out for ea<5h of these hour angles the quantity from 
Eaper's Eeduction Table, or, if we have not got that, the 
natural versine. 
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7. Add these quantities together^ and divide the sum by the 
number of observations, to get a mean. 

8. Add together log cosine declination, log cosine estimated 
latitude, log secant true altitude, and the logarithm of the 
result of No. 7. If we are using versines, a constant log 
9-316400 is also to be added. (This is log cosec 1" + 4 
+ 0002000); 

9. Look out the sum of these logs as a natural number, which 
will be the number of seconds of reduction required. 

10. Add this to the mean observed true altitude, which will 
give the calculated meridian altitude, from which the latitude 
is obtained in the usual manner. 

The following is given as an example. 

On July 11th, 1879. At Buyuk Chekmejeh A the following 
observations were taken. Index error of sextant— 35" 
Latitude (approx.) 40° 57' 45" N. Longitude 28° 30' E. 
Mean Time of Transit of star calculated, Xh. 12m, 





Time ^y watch (Breguet ?o86). 


Altitude « Ophlnclii. 






b. m. a. 


1 n 






10 09 36 


123 22 00 






10 11 


22 40 




• 


10 42 


22 50 






11 14 


23 15 






11 43 


23 25 






12 09 


23 35 






12 60 


23 50 






13 14 


23 50 






13 38 


23 55 






14 06 


24 00 






14 33 


24 00 






14 55 


23 50 






16 16 


23 50 






15 37 


23 45 






16 04 


23 30 






16 24 


23 15 






16 50 


23 00 






17 20 


22 40 






17 46 


22 30 






18 15 

Me<an .. 


21 55 




.. 123 23 16-7 
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The calculation will appear 


as follows :— 


- 




Watch Times. * 


Hoar Angle. 


Vera H. A. 
■ Sin. 1" 






h. m. 8. 




m. a. 








10 09 36 




4 27 


38-9 






10 11 




3 52 


29-4 






10 42 




3 21 


22-0 






11 14 




2 49 


15-6 






11 43 




2 20 


10-7 
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When the pole star is observed, it must be worked out by 3Pola star, 
the rule given in the Nautical Almanac, care being taken to 
take out all the quantities from the tables exactly by inter- 
polation. 

The moon is but of little use for observations of any kind. Moon not 
Its rapid motion necessitates veiy careful corrections, which oi«at 
take more time than they are worth, and besides we have 
nothing to put against it to eliminate errors. 

The separate stars being worked out, we mean the result of Jj^** ®' 
each pair, and the mean of these again will give us the mean 
latitude. 

Although from circumstances many more observations may 
be got of one star of a pair than of the other, no value can be 
assigned to one over the other, and the direct mean must be 
taken ; but in meaning up the results of pairs, less value would 
be given to a pair in which the observations of one star are few in 
nimiber, than to a pair where a proper number of observations 
of each star has been obtained. The necessity for assigning 
this value is increased where the observations are not only 
few but indifferent ; but it would be a question whether 
it would not be better to omit such a pair from the final result 
altogether, and certainly it would be best to do so, if there are 
several other good pairs. 

An example of the method of tabulating the different obser- 
vations and pairs is given on next page. 

The sets of stars given as an example were taken imder 
favourable circumstances of sky and weather, and are not meant 
as a standard which we must expect always to get Here no 
value is given, as each pair were nearly equally good, and the 
observations were nearly the same as to nimiber. Only the 
direct mean is taken. 

If, however, the observations had been less imiform, and there Valuing 
were not sufficient pairs manifestly better than others, by^*'*^'*' 
which we could elect to stand, value would be assigned by 
some such system as the following. 

Assume a number as perfection, say 10, and give to each 
pair its value in that scale. Then the sum of the products of 
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the value and the seconds of latitude by each pjiir, divided by 
the sum of the values, will give the mean s3Conds of latitude. 
The values should not be given by the results, or we shall 
anive at pretty much the same conclusion as we should by 
assuming the latitude directly, but by the circumstances of 
observation of each star, and the number of observations, re- 
membering that reasons to doubt one star will as equally affect 
the pair, as if both stars were bad. 

Values must also be given when meaning the results by 
different observers; but here again, if one observer is ad- 
mittedly the best and his observations are also good, a more 
probable result will be obtained by ignoring the latitudes of 
the others altogether. They will not be totally lost, as experi- 
ence in good observing is only to be obtained by plenty of 
practice, and a young observer is more likely to take pains 
when there is a chance, if his observations turn out well, of 
having them included in the operations of the survey, than when 
merely observing for what one may term barren practice. 

This question of giving values is a very diflBcult one, and Difficulty 
many experienced observers prefer to take a direct mean for ^'^■^^^S' 
both the result by each individual, and when finally meaning 
the different observers' results, omitting those altogether 
which seem least worthy of trust, and gi\'ing an equal value 
to everything else. It is very much a case of judgment under 
the circumstances ; on some occasions one system will be best, 
and at others the other, and we must so leave it, simply 
remarking that whenever observations vary enough to make 
the consideration of this question necessary, the final result 
must always be regarded with suspicion. 

An example is given on next page of latitude arrived at 
by giving values. 

In observing stars under the pole, we must not forget that Atari 
the reduction will be subtractive from the observed altitude, p^^ 

Tlie larger planets are not good for observation, as they are naii«ts. 
so much bigger and brighter than the point which a star 
shows. On occasions, however, they must be used. The R.A. 
and Dec. must be calculated exactly. 
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Obaerrer. 


Utitnde. 


Vulueof 


Product of 
YaLne and 
SecsoflAt. 




A 

n 

C 
D 


5 U 16-3 
08-8 
03-0 
12-0 


3 
5 
6 
6 


48-9 
44-0 
15-0 
72-0 


Mean Latitude by 4 
observers :— 

5° 14' 09" -4 8. 
= 09"-4 


19 


179-9 








19 



In using stars from the Greenwich or Cape Catalogues, it is 
necessary to calculate the apparent place of the star for the 
day. Three methods of doing this are given in the Nautical 
Almanac, in the explanation under the head of "Stars," 
where examples of each are shown worked out. 

Method No. II. is perhaps the simplest for Greenwich 
Catalogue Stars ; but when calculating a star from the Cape 
Catalogue, No. III. must be used, as there are no constants 
given in that catalogue. Care must be taken, with this last 
method, to give the proper signs + or — to each logarithm. 

Next to the observation of stars in pairs, the circum- 
meridian observation of the sun in the artificial horizon is 
the most correct and simple method we have of obtaining 
latitude ; but it is evident that we cannot use it when the 
altitude exceeds 65°, as a sextant will not measure the 
double angle. We must, in the case of the sun, be doubly 
careful in correcting the refraction, if we wish to get as near 
the truth as possible. There is nothing to be gained by 
observing both limbs of thei sun, as the motion in altitude will 
be so small that it will not matter whether the images are 
opening or closing. 

The roof of the horizon should bo reversed at about noon 
and the sights worked out as two sets, roof one way and roof 
the other. 

2 



Oaleulat- 
ing appa- 
rent pUuMS 
of Stan 
from Cata- 
logues. 



Latitude 
by Gireuni» 



Altitudes 
of Bun. 
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However careful we may be, we shall not expect our 
latitude by the sun only to be exact, and in most cases 
where we are going to be satisfied with this observation, it 
will not matter if the latitude be a quarter of a mile or so 
in error, and the reversal of the roof may often be dispensed 
with. 
Sua and An observation of the sun cannot be meaned with an 
J^^*"^ observation of a star the other side of the zenith, as all 
ptifid- refraction errors, as well as errors introduced into the instru- 
ment by the heat of the sun, will be entirely different. 
Oalevla- Circum-meridian observations of the sun are worked out in 
Sim ObMT- P^^^^^y ^^ ^^^^ manner as those of a star, the only 
▼ationi. difference being in the ordinary corrections to declination, &c. 
We want the error of the watch on apparent time to calculate 
what it shows at apparent noon, the time the sun will be on 
the meridian. 

An example is given opposite. 

On November 15th, 1876, circum-meridian altitudes of the 
O were observed with artificial horizon at Maghabiyeh I*^. 
Approx. lat. 18° 15' N., long. 40° 44' E. Bar. 3000 ins. 
Ther. 80°, Mean of observed altitudes Sun's Upper limb, 
106° 47' 09"1. 
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CHAPTER XIII. 

OBSERVATIONS FOR ERROR OF CHRONOMETER. 
General remarkB on obtaining Longitude — Error by Equal Altitudes. 

Sliadwell's The whole question of obtaining longitude by means of 
15^^ ^ chronometers is so ably and exhaustively treated by Captain 
meters." Shadwell on his "Notes on the Management of Chrono- 
meters," both as regards the treatment of the watches, the 
method of observation, and the various systems of obtaining 
meridian distances, that we refer the reader to that work for 
full information on the subject. Here we do not pretend to 
give more than the broader principles of the general question, 
but a work of this kind, intended for the perusal of young 
surveyors, would be incomplete without some reference to it. 
Abiolnte The methods of obtaining longitude, called "absolute 
tndS" methods," which give the longitude of the place as measured 
from the first meridian, directly and independently, such as 
observations of occultations of the stars by the moon, 
moon culminating stars, eclipses of Jupiter satellites, &c., are 
now rarely employed in nautical surveying, and may be said 
to be decidedly inferior in value to the results of good chfono- 
metric runs. 

Similarly, altazimuths, portable transits, and other like 

astronomical instruments, are now seldom or never supplied 

to a surveying vessel. The sextant in a practised hand will 

give results equal to those obtainable by fixed instruments 

l^^jj^^^ of small size, and has the great advantage of being more 

oonflned to portable, and always ready. 

rential ^^ ^^® sextant, telegraph, and chronometers, therefore, our 

Lon^tnde remarks will be confined, 
and Sex- 
tant. 
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By the use of the two latter we obtam only the " difference 
of longitude," or "meridian distance," between two places, 
neither of which may have its meridian distance from the 
primary meridian of Greenwich determined; but by the 
accumulation of such observations, the absolute longitudes of 
certain places are from time to time decided. 

These, then, become secondary meridians, on which the Beeondtry 
longitude of places in their vicinity depend. endiwu. 

When therefore a secondary meridian is changed in its 
value as regards its distance from the first meridian, all places 
whose longitude have been measured from it are changed also. 

This is the work of the Hydrographic Office, which receives 
and collates all information. The nautical surveyor simply 
finds the difference of longitude, and transmits that informa- 
tion only. 

A list of secondary meridians is given in the Instructions 
for Hydrographic Surveyors. 

For our purposes we may look upon difference of longitude ( 
as divided into two main cases. Hie first, where the scale of ^ 
a chart we are making depends on the astronomical observa- 
tions for latitude and longitude at either extremity of our 
piece of coast. The second, when we wish to determine the 
relative positions of places more or less far apart, which are 
mainly required for the purposes of navigation. 

In the first, we C8m nearly always use the system, hereafter 
described, of "travelling rates," which much adds to the 
accuracy of the result. 

In the second, time, distance, and general circumstances 
often prevent our obtaining these, and compel us to use what 
we can get. 

In obtaining the meridian distance between two places, Pzind^ 
either by means of a telegraph, or by carrying chronometers Jnitlai*" 
between them, the principle is the same, and is this, viz. i«»«**'i** 
that the difference of mean time of place at any moment at 
the two places is their difference of longitude in time. 

K, therefore, we can find out that at the time that at a 
position A it is 9 o'clock, it is .8 o'clock at B, we know that 
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the difference of longitude is equal to one hour of time, and 

that A is east of B. The telegraph enables us to do this in 

its simplest form, as, ascertaining the exact time at each end 

by astronomical observations, we can find out by an exchange 

of signals what is the difference of time. 

Ohrono- In chronometric difference of longitude we have literally to 

Si^Jaoe ^^ ^^® *'™® ^^ ^^® P^^*^ ^ ^^® other. We ascertain the 

of Longi- time at one place on a certain day, or, what is the same thing, 

we find out the Error of our chronometer on local time. 

Supposing for the moment that our chronometer is keeping 
exact mean time, by carrying it to the other place and finding 
out its Error on local time there, we can deduce the difference 
of longitude by the difference of the two Errors. Thus, if our 
chronometer is four hours slow on mean time at A, and we 
find when we get to B that it is three hours slow, we know 
the difference of longitude is one hour, and that A is east of 
B. Unfortimately, chronometers do not keep mean time, and 
the problem is complicated by having to ascertain what time 
they do keep, or, in other words, what they gain or lose in 
each day, which is called the rate. If we can find this, we 
shall be able to get the difference of longitude just as accu- 
rately as if the chronometer was keeping mean time, as we can 
correct for this rate ; but here, again, chronometers are not, 
and probably never will be, perfect instruments, and are 
liable to change of rate, and it by no means stands to reason 
that because a chronometer gains five seconds a day one week, 
it will do so the next, especially when the ship has been at 
anchor during one period, and imder weigh for the other, and 
the temperature has not been invariable. 

Chronometric runs are therefore liable to the errors arising 
from change of rate. To overcome this as far as possible, a 
number of chronometers are carried instead of one, and, if 
possible, what is call0d the travelling rate is obtained. 
TraveUing If the rate of chronometers is obtained at a station A, and 
^^^ we then go to another station, B, and obtain rate again there, 
and apply the mean of these rates as the assumed rate of the 
chronometers while being carried from A to B, we have no 
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guarantee whatever that this assumption is correct, as the 
time employed in carrying the chronometers does not enter 
into the calculation at all, and they may have been going 
quite differently when the ship was at sea, with the vibration 
of the engines, motion of the ship, &c., to influence them, 
to what they were when the ship was at anchor, besides the 
important factor of change of temperature. K, however, we 
can return at once to A, and obtain the Error again, we can 
positively say that the chronometers have gained or lost 
so much between the first and second observations at A. 
Assuming this loss or gain to have been uniformly carried 
on throughout the interval, we shall have a travelling rate 
which will give a far nearer result than by using rates 
obtained at either end of our required base. By this means 
we only obtain one meridian distance for our double run for- 
wards and backwards, but it will be of more value than two 
separate meridian distances obtained by fixed rates. 

Even if we have to stop at B a few days, by observing ModilLoa- 
on arrival, and immediately before departure, we can eliminate itavJuinff 
the gain or loss of the chronometers during the stay there, by ^ 
subtracting it from the total gain or loss during the time of our 
absence from A, and dividing the remainder by the number 
of days actually travelling. We shall thus still get a fair 
travelling rate, if the chronometers are at all trustworthy as 
timekeepers. 

This, then, is the system of travelling rates, which can be 
generally, and always should be, if possible, used in determin- 
ing difference of longitude for the scale of a chart. 

Whatever be the system of rates employed, good observa- 
tions must of course be regarded as the foundation of all of 
them. We cannot control the irregularities of our chrono- 
meters, but we can, to a certain extent, make sure of getting 
fairly correct time by using the proper means. 

To ascertain the Error of the chronometer as exactly as we ] 
can with sextant and artificial horizon, we must endeavour to ^^'ijy 
get rid of the atmospheric and other errors, as we do in obser- »iii*i Ai- 
vations of stars for latitude, which in this case is attained by "** 
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Superior 
and In- 
ferior 
Tnuudt 



Frinoiple 
of Equal 
Altitndei. 



observing at equal altitudes east and west of the meridian. It 
will be evident that, whatever be the instrumental and other 
errors, (excepting those of observation,) supposing them to 
remain unaltered, the middle time between the observations 
will be the same, as whatever tends to make the observed 
altitude more or less in the forenoon, wiU act in the same 
manner in the afternoon, and as we do not want to know 
at all what that altitude is, but merely to ensure that it 
is equal, A.M. and p.m., the amount of the errors is immaterial. 

The method of equal altitudes, therefore, must be used 
whenever we wish to get Error exactly. The Error of watch 
obtained by single altitudes, called " absolute observations," 
will depend for its accuracy upon the corrections for each 
source of error, which, as we have before stated, can only 
be considered as approximate. 

Equal altitudes can be taken either in the forenoon and 
afternoon of the same day, so as to find the Error at noon, 
called Error at superior transit ; or in the afternoon of one day 
and the forenoon of the next, by which means we obtain the 
Error at midnight, or at inferior transit. Theoretically, these 
are equally correct, but in practice it is better to get Error at 
noon, if we can, as the elapsed time being less, gives less lati- 
tude to the chronometers or hack watches for eccentricity. 
The alternative is, however, very valuable, and saves many a 
day, as when, for instance, we arrive at the place we wish to 
observe at, an hour or two too late for forenoon sights. We 
can then begin our set in the afternoon, and get away, if we 
wish to do so, the next morning after forenoon sights, and 
thus save several hours, a considerable consideration in 
running meridian distances. 

The principle of finding the Error of a timekeeper by obser- 
vation of equal altitudes is, that the earth revolving at a 
uniform rate, equal altitudes of a body, on either side of the 
meridian, will be found at equal intervals from the time of 
transit of that body over the meridian, and that therefore the 
mean of the times of such equal altitudes will give the time 
at teinsit. 
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In the case of a body whose declination is practically 
invariable, as a star, this is strictly true, and the calculation of 
the Error of the watch is confined to taking the difference of 
the time shown by the watch, and the true calculated time of 
transit. 

In the case of the sun, however, the dedination is constantly Equation 
changing ; the altitudes are thereby affected, and an altitude ^^SSL. 
equal to that observed before transit will be reached after 
transit, sooner or later, according to the direction of change in 
the declination. 

It is therefore necessary to make a calculation of the correc- 
tion, resulting from this change of declination, to be applied 
to the middle time, to reduce it to apparent noon, which cor- 
rection is termed the " equation of equal altitudes." 

The observation of stars at equal altitudes will therefore be, Stan and 
theoretically, the best to use, as being the simplest, and they p^ei "*" 
will indeed give as good results as those of the sun ; but 
practically, the latter is generally observed in marine sur- 
veying for the purpose of obtaining time. In many cases 
the inconvenience of landing, and carrying watches backwards 
and forwards for comparison, &c., by night, besides the in- 
creased difficulties of observing, and reading instruments by 
lamp-light, lead to the choice of day observations; but in 
places where clouds persistently veil the sun in forenoon or 
afternoon, the nights are often dear, and equal altitudes of 
stars become most valuable. 

In taking the observations of equal altitudes in the artificial Limita- 
horizon, we are limited, as always, to altitudes between 20° j£JJ^. 
and 60^ as the horizon will not permit us to observe a lower tioni. 
altitude than 20°, and the sextant will not measure much 
more than 120°. These restrictions will, however, only be 
inconveniences, as regards the sun, in extreme latitudes, as 
we must choose, as our time of observation, so as to minimise 
the effects of errors of observation, the period at which its 
motion in altitude is the greatest, i.e, when it is near the prime 
vertical, at which time, in all but high latitudes, the altitude 
will come between our limits. When the place of observation 
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is near the equator, and the latitude and declination are nearly 
the same, we could observe up to a very short time of noon, 
the sun's motion in altitude being nearly uniform throughout 
the day ; but we are in this case limited by the range of the 
sextant. 

It is difficult to lay down any rule as to what is the 
smallest rate of motion in altitude we should observ'e at, as 
the greatest motion in altitude during the day varies so much 
with the latitude and declination. We can only say that we 
should, when we have ^.ny choice, not observe beyond an hour 
when the time of changing 10' of double altitude exceeds 
30 seconds. 
Beta of Opinions have much differed on the number of consecutive 
2^[f^*' observations that it is best to take to comprise in a set. The 
only theoretical limit is that the equation of equal altitudes 
should be practically the same throughout the set, as the 
variation in the time required by the sun to traverse the 
number of minutes of altitude between observations at the 
beginning and end of the set will not matter, as we do not 
care whether the mean of the times agrees exactly with the 
mean of the altitudes. 

It seems well, therefore, to observe tolerably long sets, as 
errors of observation are thereby eliminated. The same result 
in the end will be attained by a larger number of shorter sets ; 
but the value of each set is much enhanced if composed of a 
considerable number of observations, and it saves time and 
trouble in the calculations. 

Too long sets are to be deprecated as wearying to the eye 
and hand, and the observations will therefore suffer from that 
cause, especially in hot countries, where the necessity for 
observing in the full glare of the sun makes it a trying 
operation. 

We prefer to take eleven observations in a set. This allows 
the observer to commence his second set, of lower limbs, 
(a.m. observations) at exactly one degree more altitude than 
his first one, of upper limbs. It does not much matter; as 
each one has his own plans for these details, and soon falls 
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into a regular method, which is the great thing to prevent 
mistakes. 

The only point in fact of importance is, always to observe ObMnra- 
in the same way. Not only does it save time and errors, but ^^' SJfur 
it is necessary in combining observations, whether for rate or 
meridian distance, that they be as similar in all respects as we 
can get them. The whole system is a system of differences, 
and it is manifest that the result is the better the more like 
the observations are. It follows from this that the observers 
employed in any string of meridian distances should be the 
same, the instruments and watches the same, the temperature 
and time of observing the same, as far as possible. Also, 
supposing temperature to be the same, that a rate will be 
probably more correct if obtained by combining single altitudes 
of different days, than by taking equal altitudes one day and 
single altitudes the other. 

If clouds prevent observation at precisely the same altitude, 
after transit, the mean of Error obtained by absolute sights, 
A.M. and P.M., at nearly the same altitudes, will be almost as 
good as equal altitude sights. 

When the observers are good, the greatest error is frequently Comparing 
introduced in comparing the hack watches to be used for^^ 
taking time with the chronometers, and great pains should 
therefore be taken with this operation. 

The watches used for taking time must be compared before, 
and after, both forenoon and afternoon sights, with the standard 
and another chronometer ; and at noon, all the chronometers 
should be compared with the standard, and the hack watches 
with the same two chronometers. 

Before saying more about comparing, we must remark that iM^ou in 
the seconds-hands of pocket chronometers are rarely placed chnmo- 
symmetrically in the centre of the dial on which the seconds 
are marked. 

These watches beat five times in two seconds, commencing 
with the even minute. The beat of the watch should therefore 
coincide exactly with every even second ; the first beat from 
the minute being 04 sec, the second OS, the third 1*2, the 
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fourth 1'6, the fifth at 2*0, and so on throughout the wliole 60 
seconds. 

But it will be found, in nearly every watch, that the 
hand does not fall over the even second on some parts of the 
dial, although it may on others, and each watch must be 
examined by counting the beats from the even minute, to 
ascertain how the hand falls in different parts of the dial, or 
the time-taker will be at a loss to know what is the exact 
decimal which his watch is beating. For instance, supposing 
that at the 40 seconds' mark on the dial, the hand falls a little 
short of the mark one beat, and a little in advance at the next ; 
unless he knows which of those beats is meant for the 40 
seconds, he may be giving the time four-tenths of a second 
wrong. This, of course, refers both to comparing and taking 
time for the observations. 
Method of In comparing, which is perhaps best done by two persons, 
^P"" the " Stop" is given on an exact second of the box-chrono- 
meter (which beats half secotids), and the time by the pocket- 
watch noted. A check is then taken, by comparing the 
reverse way, calling the " stop " at an exact second by the 
pocket-watch, and noting the seconds and parts of seconds 
of the box-chronometer. As parts of seconds have to be 
estimated on both watches, these two comparisons will fre- 
quently differ two-tenths of a second. This is as near as we 
shall probably be able to arrive at the truth ; but if the dif- 
ference exceeds this, more checks should be taken, until we 
are satisfied which was wrong. 

In the same manner checks should be taken when com- 
paring one box-chronometer with another. 

If two pocket-watches are available, it will not be amiss to 
use both, even when there is only one observer, as it helps to 
eliminate errors of comparison. In this case half the sets will 
be taken with one watch, and the other half with the other. 

Preparation of the ground is not necessary, as in the case 
of observing stars, excepting so far as selecting the spot, to 
ensure being able to see in both the a.m. and p.m. directions. 

Having compared the watches, we land to observe. 
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The watches to be used on the ground should always be Care in 
carried in their boxes, and great care must be taken not to hack 
jerk them, and above all to avoid any circular motion. watches. 

The method of observation for time diflfers from that Method of 
already described of stars for latitude, inasmuch as we ob- ^on!.'^" 
serve at stated altitudes, generally at every 10', setting 
the sextant for the purpose, and noting when the contact 
takes place. In observing with the stand, therefore, we only 
need to work the screw of the stand leg, to get the suns 
vertically under one another. 

It is well to observe both upper and lower limbs, as though Obterving 
it will make no difference to the result, it is good to have 
constant practice at both opening and closing suns, and not 
have all one way in the forenoon and the other in the after- 
noon. If we begin by a set of upper limbs, and immediately 
after take a set of lower, as an invariable practice, there will 
be no confusion, and we shall soon naturally fall into the 
system. 

It may be here noted that with the inverting tube, the 
movable sun (the sun reflected from index and horizon- 
glass) is above the other, when we are observing upper limb, 
and hdow when lower limb. Also that upper limbs in the 
forenoon are closing suns, and in the afternoon opening 
suns. It is necessarily vice versa for lower limb. 

Always use the dark eye-pieces, of which there should be Dark eyo- 
several of different degrees of shade, as, if the brilliancy ofQ^J^^ 
the sun varies by passing clouds, no inherent error is intro- 
duced by changing these, which is the case with the hinged 
shades on the sextant. Moreover, the suns having been once 
equalised as to brilliancy with one eye-piece, by moving the 
up-and-down piece screw, they will remain equal, no matter 
what shade of eye-piece we use ; but with the hinged shades, 
the position of up-and-down piece which equalises the suns 
as seen through one set of them, will be different to that 
required for others, besides the possibility of error thus 
introduced. 

The suns should be as dark as possible. If too light 
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^^^ shades are used, the irradiation spoils the sharpness of the 
ihonldnot limb. 

bright Use the eye-piece with the greatest magnifying power, as 

Shoidd be it much facilitates correct contacts. 

JJgjJ^" Great care must be taken in setting the vernier, and we 

Bettingfhe ^^^ see that the tangent screw at the commencement of each 

vender. ^^^ jg j^^ j^g^j. ^ j^ f^jj extent, SO OS to avoid risk of being 

" two blocks " in the middle of the set, and so probably lose 

an observation. 

After bringing the zero of the vernier into what we believe 
to be coincidence with the minute of arc required, glance 
right and left to see that the marks on vernier and arc are 
displaced in a symmetrical manner on either side. The eye 
will easier catch any inaccuracy in the setting by this means. 
Warning Some observers, after giving a preliminary " Eeady ** at the 
commencement of each set, give no warning after, and simply 
" Stop " at each observation. With very careful time-takers 
this is sufficient, but experience of human nature leads us to 
say that it is better to call " Ready " about three seconds or so 
before each " Stop," and thereby avoid all chance of the time- 
taker having his eye and ear off the watch. 
AUowanoe We should take more observations in our first half of equal 
1^ ^ altitudes than will be absolutely needed, so as to allow of 
Tr"^*- some losses in the observations after transit, from obscurations 

of the sun. 
Index At the conclusion of observations it is always well to take 

the index error. It tells us whether our sextant is keeping a 
steady error, and also, by calculation of semi-diameter there- 
from, whether the instrument is in adjustment in collimation, 
and also, if we lose the other half of equal altitudes, and 
decide to work single altitudes instead, we shall have the 
index error observed at the time. 
Calenlat- After sights before transit, we must calculate the time the 
Sf dbSIr- observations after transit will commence. By far the simplest 
▼ationi plan, when engaged in observations, is to have an ordinary 
Tranfit watch set to apparent time, which time the ship herself will 
in many cases be keeping, when by noting the time by this 
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watch at the last observation, the time of commencement of 
the first observation after transit will be found by taking the 
time noted from twelve hours. 

If we do not do this, and the ship be keeping mean time, 
we must find the mean time of the last observation by apply- 
ing the approximate Error of the watch. Subtract this from 
twelve hours, and apply twice the equation of time, subtract- 
ing if apparent noon is before mean noon, and adding if wee 
veT9&, This will give mean time of the first observation after 
transit, which can be re-transferred to the watch by the 
application of the Error. 

We want the time by the ship's clock, to ensure leaving 
her at the right time, and the time by our watch, to avoid 
the chance of being too late on one hand, and scurry after 
reaching the observation spot, on the other. 

Algebraically we can express this, 

T=12-(^ + 6) + 22 

where T is mean time of first observation required. 
t is time by watch of last observation. 
t is Error of watch slow of mean time. 
; is equation of time. 

The book in which the observations are registered should »om in 
be ruled as in annexed specimen. ju^ 

The first column is for the intervals between each observa- '^^ 
tion of the first set of sights. The second, the time taken at 
those sights. The third, the double altitude. The fourth, the 
sum of the seconds of the two times. The fifth, the time at 
second set of sights ; and the sixth for the intervals between 
the latter. 

On page 210 is an example of a set of sights as written 
in the angle book. 

When the time-taker is practised, it is well for him to voting 
note down the interval between the sights as he notes down ^JJJJ^ 
the time, as it enables the observer at once to know, when the ligiiti. 
set is over, whether he has been getting good observations or not, 
as the intervals should theoretically be precisely the same. 

P 
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I; April 3r(i, 1880, at Kagara Light-house A. 
Time by Breguet (2086). 



Interval In 
BecondB. 


Time by watch. 


^ 


Snmof 

BeCB. 


Time by watcb. 


Interval In 
seooDdB. 




b. m. 8. 


o / 


8. 


h. m. B. 






8 03 10-8 


57 20 


14-8 


3 40 04-0 


27-6 


28-0 


38-8 


30 


15-2 


36-4 


28-2 


27-6 


04 06-4 


40 


14-6 


39 08-2 


27-2 


27-2 


33-6 


50 


14-6 


41-0 


27-8 


28-0 


05 01-6 


58 00 


14-8 


38 13-2 


28-0 


27-2 


28-8 


10 


14-0 


45-2 


27-6 


27-4: 


56-2 


20 


13-8 


37 17-6 


28-0 


28-2 


06 24-4 


30 


14-0 


49-6 


27-4 


27-2 


51-6 


40 


13-8 


36 22-2 


27-2 


28-0 


07 19-6 


50 


14-6 


55-0 


27-8 


28-0 


47-6 


59-00 
11 


14-8 


35 27-2 




) 5-0 










14-45 










h. m. B. 






Times at m 


iddle sight 

5 


8 05 28-8 
15 37 45-2 

5)23 43 14-0 






Mean mid. tim 


e by watch 


11 51 37-22 





N.B. — ^The seconds of the result are obtained by halving the mean 
of Column 4. 

We do not usually attempt to estimate time with a pocket- 
watch to less than two-tenths of a second, so we shall not 
find the intervals agreeing exactly, even supposing no errois 
of observation to exist. Taking everything together, if the 
difference in these intervals does not exceed one second and 
a half, we may consider that we have obtained very good 
observations. Another reason for noting these intervals is 
that we shall see if the sun's motion is becoming too slow. 
Xethod of In working out sights for equal altitudes, it is merely the 
mean of the middle times of each set that we wish to get, so 
that we need not mean up each column of times, but merely 
the sum of the seconds of each corresponding times which we 
have in the fourth column of our sight book. Then taking 
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the times of the middle observation, meaning those, and sub- 
stituting, for the seconds of this mean, the mean of the 
seconds just found from the fourth column, we shall have the 
true mean middle time of our observations. Thus, in our 
example the mean of the fourth column is 14"*5. We sub- 
stitute this for the 14**0 obtained by adding the two times at 
the middle observation, and dividing by two, we get the mean 
middle time by the set as llh. 51m. 37*228. 

In cases where the equation of equal altitudes is varying 
rapidly, we shall not find the middle times of two successive 
sets agreeing exactly, as they should differ by the amount of 
the variation of the equation of equal altitudes in the time. 

Theoretically, this is an objection to long sets of observation, 
but practically, the errors of observation will exceed any little 
discrepancy introduced by assuming the equation to be uni- 
formly variable during a set of 11 to 15. 

If a contact is missed in either half set, it is no use to inter- ffiffhti 
polate a time. The sight must be missed out of the double ""•••*• 
set altogether. It will not affect anything but the number of 
observations in the set, except when it happens to be the first 
or last of a set, when the set will become one with an even 
number of observations, and to get elapsed time we must, 
instead of the central observation, take the mean of the two 
times corresponding to the two central observations. 

Four sets of eleven observations each, half upper Umb and Penonal 
half lower, ought to give accurate time ; but it must be under- fjj^^^^ 
stood that equal altitudes do not eliminate personal errors, by S^val 
only instrumental and atmospherical ones. It is evident that, ^*^*'***** 
if an observer is, for instance, habitually too slow in recording 
his contacts, the resulting middle time will be so much after 
the true time of transit. Taking the case of an observer re- 
cording the time of contacts of opening limbs correctly, and of 
closing ones habitually too late; the middle time will still be 
in error. It is only when the observer records opening limbs 
in error one way, and closing in error in the contrary way, 
that these personal errors can be eliminated. This is of 
course not likely to happen with many people, and we must 

p 2 
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IMiappMn 
dianDii- 



VomiuA 

l6rEqiut- 

tionof 

Equal 

AltltiidM 



Srror 
obtained 
of haok 
watoh. 



consider the time resulting from any observer's sights as being 
always in error by the amount of his personal equation. 

In running a meridian distance, however, this personal 
error, supposing it to be tolerably constant, will disappear, as 
his time being equally in error, and in the same direction, 
(either too fast or too slow) at both places, the difference of 
time, on which alone longitude depends, will not be affected* 
From this it results that in running a meridian distance, the 
same observers must always be employed. 

The formula for finding the equation of equal altitudes is 
as follows: — 

Equation = A + B. 

A (in seconds of tune)=l X | Tan lat x Cosec ^^^^^^ ^^' 
lo A A 



Fraotioal 
Bvle for 
Oalonla- 
tLonof 
Sqvatioii. 



B( 



do. 



) = -!^X^Tandec x Cot 
15 2i 



elapsed time. 



where ^ is half the change of declination in the elapsed time, 

or, as we use it in the computation, the change of declination 
in half the elapsed time. 

The rules for noting the algebraic signs of A and B will be 
given hereafter. 

In making the observations it is most convenient to ascer- 
tain the Error of the hack watch, and thence, by using the 
comparisons, to arrive at the Error of the standard. In the 
case where the watch has a large rate, as shown by the com- 
parisons before and after sights, the elapsed time must be 
corrected for the amount gained or lost by the watch in the 
interval on mean time, which can be rouglily calculated from 
the known rate of the standard. 

Having meaned the sights, and obtained the mean middle 
time for each set, and knowing the estimated latitude and 
longitude, the rule for working a set of equal altitudes at 
superior transit wiU stand thus : — 

1. Ascertain elapsed time by subtracting the central time 
of observation before transit from the central time after transit, 
increased, if necessary, by 12 hours. Halve this. 
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2. To hours apply longitude to find Greenwich date of 
apparent noon at place ; this is first Greenwich date. 

3. Find second Greenwich date, by subtracting the half 
elapsed time from the first Greenwich date. 

4. Correct declination at apparent noon in Nautical Alma- 
nac for the second Greenwich date. 

5. Correct equation of time at apparent noon for first 
Greenwich date. 

6. Multiply the variation.' in- dedination for one hour, by 

the half elapsed time, to get ~ 

N.B. — ^The variation we want is that at Greenwich time of 
local noon, we must therefore correct the variation given in the 
Nautical Almanac for the longitude. 

7. For A, add together the logarithms of k, the tangent of 
the latitude, and cosecant of half elapsed time; and for B 
the logarithms of -, the tangent of the declination, and the co- 

tangent of half elapsed time. Either subtract the log. of 
15 from eaoh of these sums, to reduce the results to time at 
once, or take out the natural numbers of the sums as they 
stand, and when A and B have been added or subtracted, 
divide the result by 15, to reduce it to time. 

N.B. — ^Tables are given in various works on nautical astro- 
nomy to facilitate the calculation of A and B ; but as these 
are only made out for every so many minutes of elapsed time, 
interpolation is necessary when working with any pre- 
tence to accuracy, and very little is gained by their use in 
their present form. 

8. To the mean middle time of the set, apply the equation 
of equal altitudes with its proper sign (rule given below), 
which will give the time shown by the watch at apparent 
noon. N.B. — ^When working several sets, calculate them 
simultaneously as far as this, and mean the results, thus 
getting the mean time sho\vn by the watch at apparent noon. 
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An 

WfttdhiM 

to be 
either 
•low or 
futof 



Time. 



9. Find the mean time of apparent noon, by applying the 
equation of time with its proper sign to or 24 hours, and 
take the difference between this and mean time shown by the 
watch, for the Error of the latter, subtracting one from tiie 
other, according as it is intended to show the watch as fast o^ 
slow on mean time. 

An universal system must be adopted of showing all 
chronometers and hack watches as fast or slow of the standard 
and on mean time, not some one way and some another, which 
leads to confusion. It does not much matter which is taken. 
The writer has always shown them as slow on mean time. 
Thus all chronometers are shown slow of the standard, and 
the standard and all others slow on mean time of place, or of 
Greenwich, as the case may be. 

The rule for giving A and B their proper algebraic signs is 
as follows: — 



SignBof 
SquetioiL 



At 
Superior 
Transit 



+ if declination is decreasing and of same 
name. 
A is { + if declination is increasing and of diffe- 
rent name. 

— if otherwise. 

+ if declination is ^ 

increasing IWhen elapsed time is 
Q . 1 — if declination is| Usb than 12 hours. 
"^ decreasing J 

Reversed when elapsed time is greater than 
12 hours. 



At 
Inferior 
Transit. 



A is reversed from what it would be at superior 

transit. 
B is the same as at superior transit. 



Change of 



tionin 

Inferior 

Traxuit 



In working with inferior transit, whereby we find the Error 
at midnight, there is no difference in the rule, except that in 
calculating the change during the half-elapsed time, we use 
the variation of declination found by interpolation for the 
Greenwich time of local midnight. 

The next step is to calculate, from the comparisons taken 
with the standard before and after sights, a mean comparison 



CHAP. XIII. OBSER VA TIONS FOR ERROR, ETC. 2 1 5 

to apply to the Enor of watch found above, to arrive at the Oaion- 
Error of the standard. Jj^ * 

To do this, we take any sight, and by interpolation calcu- Compa- 
late the comparison at the A.M., and also the p.m. timesaek 
corresponding. The mean of these two will give the com- '^•W»- 
parison at noon. This should, if the watch has been going 
well, correspond very closely with the comparison actually 
taken at noon, and it wiU be satisfactory if it does so. If it 
does not, we cannot help it; but we shall know that the 
Error of the standard will be slightly incorrect from a 
jump in the watch, and shall be prepared to give the result a 
smaller value in consequence, in event of discrepancies with 
others. 

The mean comparison, as found above, must always beVoonOom- 
used, not the comparison taken at noon, which is done solely ^tobe 
to ascertain how the watch has been going. wed. 

An example of the calculation follows. 

At Mesalb I* A Aug. Slst, 1878. 

SlQHTB OBTAINED FOB ErROR BY EqUAL ALTITUDES. LaT. 5° 14' S. 

Long 39° 40' E. 



P.M. Time by watch 

A.1C. „ 


h. m. B. 
.. 10 16 22-4 
.. 3 65 50-6 


Long ... 
i El. T. 

2nd G. date.. 
31st. 

Eq.T. .. 


h. m. B. 

-2 38 44 

3 10 16 


El. time 
k EL time 


.. 6 20 31-8 
.. 3 10 15-9 


-5 49 




Dec. .. 8 36 30 
Correction 6 14 


Var. .. 54-18 
5-8 


m. B. 
12-09 
2-03 



Dec .. 8 41 44 43344 Eq.T. .. 14-12 

— ^— 27090 — ^— 



B. 



Var .. 54-18 «./'.. Var .. 0-768 

E.T . 3-17 314-244 2*64 

2 



37926 3072 

5418 4608 

16248 1536 



B. 



«L= 171-6906 2-02752 

2 — ~~~ 
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Tanlat 
GoBec 

2 



2 



15 



8-961866 
•131907 

2-234770 

1-328543 
1-176091 

0-152452 
A = - 1-421 



Tan dec 
Cot "2- 

2 



9-184541 
9*961038 

2-234770 



15 


- 


1-380349 
1-176091 


B = 

A 


0-204258 
1-600 
1-421 



Equation of equal alt. — 3*021 sees. 



h. m. 
7 06 



Mean mid. time 

Eq. of Eq. alts .. 

Time by watch at App. Noon 7 06 03-49 



06*'51 
-03-02 



h. m. 8. 

TimehywAtchlqrUObMrvatlaas.^ 7 06 03*il 





11 
11 
11 



^ 
a 



•il \ 

^.^^ rMean of two sets 7 

l'80\ 
^•69/ " 



h. m. 



M 03*45 



08*44 



7 06 08*46 



Heui Time hy watch ., . .. 

Mean time of App. Noon la 00 14*12 

Watch (Bregoet) slow .. 4 54 10*67 

To calculate the comparison between standard (A) and 
watch at noon, we have the following comparisons ob- 
served : — 



Before A Ji. Sights. 

h. m. . B. 
A. .. 4 16 55-0 
Breguet .. 3 30 02-4 


Cheek. After a jl Sights. Check. 

sees. h. m. s. aeca. 

02-6 .. 5 37 10 19-2 

10-0 .. 4 50 17 26-0 


46 52-6 
Mean 52-6 

Noon. Check. 

h. m. a. aeca. 

A •. 7 50 50 06-2 

Breguet.. 7 03 55-8 12-0 


52-6 .. 46 53-0 53-2 
Mean 53-1 

Before P.M. Sights. Ghecka. 
h. m. a. aeca. aeca. 
.. 9 47 25-0 38-8 50-0 
.. 8 50 30-6 44-0 55 4 


46 54-2 54-2 
Mean 54-2 

A 

Breguet 


.. 46 54-4 

Mean 54- 

After P.V. Sights. 

h. m. B. 
11 26 10-0 
10 39 14-8 


54-8 54-6 
6 

Check. 

aeca. 

21-0 

25-8 




46 55-2 

Mean 55 


55-2 
•2 
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Taking any sight, say the middle times at the set we have 
shown worked out, we find by interpolation that 

m. s. 

At 3*56 by watch, comparison is 46 52*74 
At 10*16 „ „ „ „ 46 55*07 

and as these are equal times from noon, the noon-comparison 
will be the mean of these, or 46"* 53'-90. This diflfera 0*'3 
from the observed noon-comparison, which, supposing the 
comparisons to have been carefully observed, means that 
there has been a slight irregularity in the motion of the 
watch, which must be remembered in comparing any meridian 
distance founded on these sights with others ; but in this case 
it is so small as scarcely to be taken into consideration. 
We now apply this mean comparison to Error of watch : — 

Breguet slow .. 

Comparison 

Standard A slow on M. T. place 

We next take the comparisons observed at noon between A 
and all the other chronometers ; and applying then to A's 
Error, we get the Error of each. 



h. m. 

4 54 

46 


10*^67 
53*90 


4 07 


14*77 
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CHAPTER XIV. 

MERIDIAN DISTANCES. 

Telegraphic — Chionometnc. 

Under this head we shall consider all the methods, avail- 
able for our purposes, of obtaming diflference of longitude. 

TELEGBAFHIC MEBIDIAN DIBTAIfCXL 

Where a telegraph can be used, it is of course the best, 
and at the same time the simplest, means of obtaining 
difference of longitude. 

This method consists in sending a current through the wire 
at a known local time from one place, the local time of arrival 
at the other place being noted. The difference of these is the 
difference of longitude. 
Betarda- In theory, the passage of the current through the wire is 
*"*^ instantaneous ; but in practice it takes an appreciable time, 
when the distance is considerable, and the electrical condition 
of the wire is not first-rate ; and to eliminate this, and also to 
decrease errors of sending and receiving, we must send several 
sets of signals in both directions equally, the mean of which 
will give the true time. 

A little consideration will show that if a signal is sent from 
A to B^ a place to the westward, and it takes two seconds to 
traverse the wire, the time at B will have had those two 
seconds in which to catch up the A time, which is so much 
ahead ; or, in other words, the diflference of the two times as 
shown will be two seconds too little. Whereas, if the signal 
is sent from B to A, the watch at A, already ahead, will ad- 
vance another two seconds before the signal arrives, and the 
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difference of the two times will be two seconds too much. 
The mean of the two will therefore be correct, and half the 
difference of the two will give the " retardation of the wire," 
a matter, however, purely of curiosity as far as our results are 
concerned. 

In this case a number of chronometers is not necessary. All only one 
that is wanted is one good time-keeper. If, however, two ^^^^^j 
watches are at hand, it is not amiss to ascertain the Errors of 
each separately, and use them both in transmitting the signals. 

A box-chronometer is the best for sending and receiving 
signals by, and if practicable, it may be a good plan to land one, 
and let it stand in the telegraph office for a few days before- 
hand to settle down, comparing the watch actually used at 
sights with it, before and after observations. 

Sights must be obtained on the day of sending the signals, Tbne to 
and the latter should be transmitted at or about noon. Where SmSSf* 
the places are far apart in longitude, it can only be near noon 
at one place, and 'Error must be obtained at the other, either 
on the day before or after, as well, so as to be able to correct 
the Error to the time of interchange of signals. 

If the observation spot can be at, or close to, the telegraph oiMwrra- 
office, it is convenient, as the watch will not have to be carried ^^ 
about ; but in many instances the local arrangements will not 
admit of this. 

Telegraphic instruments differ very much ; but it does not GaiTuio- 
much matter which are used, as long as they are similar at "^•*"' 
both ends. The deflection of an ordinary galvanometer-needle 
of Wheatstone's instrument, or of the Morse recorder, or of 
the more delicate mirror of long submarine cables, will all 
serve our purpose. Preference is given to one or the other by 
different observers. The writer prefers an instrument giving 
a sound, to the silent movement of the suspended mirror. 

Each signal will consist of one deflection, and the key 
should be kept pressed down for about a second. 

In sending the signals, it must be clearly arranged before- Pre- 
hand what is going to be done. mo^Tof 

A good plan is as follows : — wnding 

In commencing, give a warning, say of three rapid signals, 
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at ten seconds before an even minute by the sender's watcb. 
The first signal will then go at the even minute, and at every 
ten seconds another, missing the fifty seconds, to mark the even 
minute, for three minutes, ending with another even minute. 

After an interval of three or four minutes, a similar set will, 
be sent in the reverse direction. 

If at the receiving ends the signals agree, this will be quite 
sufficient, unless we intend to use another watch. 

An example of a telegraphic meridian distance is appended. 

It will be seen that the resistance of the wire and instru- 
mental retardation was less on' one day than on the other, 
amounting at one time to nearly a tenth of a second, and at 
the other to only twenty-five thousandths. 

CHBOnrOHSTBIC MEBIDIAN DIBTANOSa 

When we have no telegraph we must have recourse to 
chronometers for conveying the time. 

Having obtained sights at the two places whose meridian 
distance we require, we come to the consideration of the rate 
to be used. 

If we have been able to run backwards and forwards, as 
recommended on page 201, we shall use a travelling rate. 
Pormnla The algebraic formula for finding the meridian distance by 
SlLir^fflug travelling rate, when we return at once to the original station, 
is as follows : — 

ssp'-a'^n- 



m+n^ 
where M= meridian distance 

a = error at place A, before starting, 

a'= ' „ , on returning, 

)3= „ B, 

n =No. of days between first observations at A and 

those at B, 
m = No. of days between observations at B and those 
at A, on returning. 

Then ^""^ = travelling rate. 
m+n 
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Meridiak Distance bt Telbgbafh Signals exchanged between 

gonstantinofle and dardanelles, 

Apra ^rd and ISth, 1880. 

Obfiervation spot at Constantinople was at Leander*s Tower, observers having to go 

1| miles to Telegraph Office by caique. 
Observation spot at Dfurdanelles at Nagara Light-house, observers having to go 
three miles to Telegraph Station by steam pinnace. 
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This can be put another way, by example, as follows : — 

Let ns suppose we have obtamed Error at Maziwi at noon, Xzimple 
August 27th ; we have been to Mesale, and there obtained ^?5«£ 
Error at noon on the 31st ; and then, returning to Maziwi, 
have obtained another Error there at midnight of September 
lstr-2nd. 

To find rate in this case, we simply divide the difference of 
the Errors ascertained on the 27th and 1st by 5^ (the interval 
between them). This rate, multiplied by 4 (the interval between 
sights at Maziwi on 27th and Mesale on 31st), will give the 
quantity to be applied to the error of the chronometer in 
question at Maziwi on the 27th, to give the error on the 31st 
on mean time of Maziwi The difference of this and the error 
of the same chronometer on mean time of Mesale, as ascer- 
tained on that day, will be the meridian distance by that 
chronometer. 

In working out a meridian distance with several chrono- forni for 
meters, it is convenient to use a form, as shown in the example 2M«taneo. 
of tiie above-cited instance (Page 224). 

Here so many of the chronometers agree closely, thats^eetkm 
the result by D seems doubtful, and, looking at the compari- 
sons taken every day with the standard, we see it has been 
going very irregularly ; we therefore reject it. This should 
not be done without some independent evidence of this kind ; 
and in a meridian distance, where the interval of time is 
great, or where all the chronometers have been going but 
fairly, as shown by the daily comparisons, it is very unsafe to 
reject chronometers solely because they vary from a small 
majority of the others. 

Supposing that we had had to stay at Mesale for a few Anothwr 
days before returning to Maziwi, we can still find a f air Smreiling 
travelling rate. 

The formula for this is as follows : — 

^ m+n ' 

where, the other letters representing the same values, 
/3^ is the error at place B before leaving. 
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Here the travellJiig rate is, 

m+n 

This can be exemplified thus. We obtain sights at Maziwi 
on 27th and 81st as before. Then sights again at Mesale 
on the 4th noon, and again at Maziwi on the 6th noon. 

From the difference of the errors on the 27th and 6th we 
should deduct the difference of the errors on the 31st and 4th, 
and divide the remainder by 6, the sum of the intervals from 
the 27th to the 31st, and of the 4th to the 6th, or, in other 
words, the number of days actually travelling, which will 
give us the rate. We then proceed as before. 

The travelling rate obtained in this instance will not be as 
good as in the former case, as the chronometers will have had 
two disturbances instead of one, and the rate they may settle into 
on starting the second time, after four days' quiet at anchor, 
may not be the same as before; but it will still be better 
than obtainable by any other method, and, if circumstances 
of weather, sea, and temperature are nearly alike on both 
journeys, and the intervals are not long, we shall probably get 
a very good result 

Travelling rates, obtained thus, should always, as already 
remarked, be used when the scale of the chart depends on the 
observations. 

The method is very simple, and, used for this purpose, none 
of the considerations of temperature, &c., hereafter mentioned 
need be thought of, as the time is short. 

We now come to the consideration of the rates to be used otkor 
on other occasions, especially when voyages are long, and^ 
circumstances change much during them. 

This is a very wide subject, and besides the fact that it has 
already been fully discussed by Captain Shadwell, in his 
masterly treatise before referred to, neither space nor the 
intention of these pages permit our going very far into it, and 
we shall content ourselves with giving general descriptions of 
cases, together with formulae for them, with just sufficient 
reasons to allow of their being understood. 

Q 



226 HYDROGRAPHICAL SURVEYING. CHAP. xiv. 

The whole question rests on, — ^What makes chronometers 
vary? 
Whj The labours of many observers show us that the answer 

WatoliM 

ehaag« ^* 

^^ 1. Imperfection in the workmanship of the watch. 

2. Changes of temperature. 

3. The quality of the oil in the pivots, and its age (t.e. the 
time elapsed since the watch was last cleaned). 

4. Accidental shocks or vibrations imparted to the watch. 
A supplementary question may be asked — ^Which of these 

is the most important? To which the general answer is 
that, according to circumstances, any one may be. 
First. Imperfection of workmanship, 
imporfec For this manifestly there is nothing to be done. A badly 
made chronometer will go so erratically that we shall soon lose 
confidence in it, and reject it from all results, returning it as 
soon as we can. There are, however, but few chronometers 
that pass through the hands of the Eoyal Observatory which 
will come under this head, and doubtless many a chronometer 
has been classed in this category from ignorance of the 
circumstances of its compensation, and its resulting variation 
tmder change of temperature. If on a voyage, during which 
temperature is uniform', a chronometer placed with others, 
under the same conditions of protection from injury, &c., goes 
erratically, while the others maintain their rates pretty 
steadily, we may fSairly conclude it to be inferior. 

The uniformity of rate of a chronometer while on shore, 
or when the ship is at rest, cannot be taken as a conclusive 
test. 

Secondly. Change of temperature. 
Change of A chronometer is supposed to be compensated in such a 
tore. manner that at two temperatures, a varying number of degrees 
apart, the rates wiU be equal. At all other temperatures the 
rates will vary, reaching a maximum at about the mean tempe- 
rature between the other two. 

Let us, for brevity, call this temperature of maximum 
rate T. 
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If we then examine the rates of a chronometer we should Tampers 
find a steady ch&nge of rate in one direction (nearly always jcaximiiBi 
in the direction of acceleration of gaining) from low tempera- *•*•• 
tures to high, until we reach T, when the change of rate should 
vary in the opposite direction. 

For every chronometer we shall have a different quantity 
for T, and different coefficients of change. Many chrono- 
meters are supposed to be compensated for T = 60°, the mean 
temperature generally experienced over the globe; but it 
would seem that makers cannot command the point T; 
anyway many have T over 90°, so that for such a watch, in 
practice, the direction of change is invariable, which will 
result in a great accumulation of difference of rate when 
passing through hot and cold climates, and where the coeffi- 
cient is large, in great absolute change of rate. 

Different observers on the performances of chronometers Different 
have come to different conclusions on the subject of the law ^^'*" 
of change for a degree on aU parts of the scale, which can 
only he-accounted for by supposing that they have experi- 
mented on different classes of time-keepers. 

Some have stated that they vary regularly, so as to have 
the same rate at an equal number of degrees above or below 
T, and have established the proportion of variation at. the 
square of the difference of T, and the temperature required. 

Other experiments have shown that the manner in which 
watches vary is not quite so regular as this, and that the 
coefficient of change is generally less at temperatures higher 
than T, than at those below. 

The fact is, that there is no invariable law on the subject, a Vo itziet 
watch being too complicated a machine to admit of any prac- ^' 
tical conclusion, unbased on actual experiment with each 
individual watch. 

Experiment, however, does give results that can be prac- Pntetietl 
tically used, and tables of rates can be formed from observa- ^•*^^***" 
tion of the watch at different fixed temperatures, which, with 
some watches, will undoubtedly give better results than by 
using invariable rates. 

Q 2 
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liTopool Tables of this kind are now furnished to ships sailing from 
tojy. " Liverpool, whose chronometers are rated at the Bidston Obser- 
vatory, the director of which, Mr. Hartnup, has studied the 
question for many years. 

The rate of the watch to be used for determining the position 
at sea is then taken day by day from the table, according to 
the temperature experienced, and added to the accimiulated 
rate since departure, obtained in a similar manner. 

It seems pretty well established that the coefficient of 
change for a degree remains the same, or nearly the same, for 
each individual watch, although the absolute rates of the 
watch (which depend upon many things) may vary. 
Ohro- ^6 chronometers issued to H.M. ships have no such 

information sent with them, for this reason. 

The timekeepers are carefully chosen from many sent to 
the Eoyal Observatory by different makers for trial, and only 
those whose compensation is such that they show very little 
change of rate at a great variation of temperature, or, in other 
words, whose compensation is as perfect as may be, are taken, 
the limit allowed being one and a jquarter second of change 
of daily rate for forty-five degrees of temperature. 

This reduces the variation of rate, arising from change of 
temperature probable in a voyage, to very small quantities, 
which would be lost in the variation arising from other causes, 
and it is not considered necessary under these circumstances 
to give data for allowing it. 

For ordinary purposes of navigation, then, H.M. ships 
may safely neglect any allowance for change of temperature ; 
but for ascertaining difference of longitude for hydrographical 
purposes, when the voyage is long and changes of temperature 
considerable, it may be as well to endeavour to make this 
correction. 
QvaUtj of Thirdly. The oil in the pivots. With good oil the ine- 
^^ quality arising fix>m age shows itself in the shape of a gradual 

and tolerably uniform acceleration of rate, generally in the 
direction of gaining, with a new chronometer, and when the 
instrument is older and all parts somewhat worn, in the 
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contrary direction. It should be excessively small, and our 
opinion is that in the practical question of meridian distances, 
the labour of ascertaining it is not repaid by the result. It is 
difficult to separate the error due to this from that originating 
in defective mechanism, and though formulae have been ela- 
borated for its detection, we do not propose to give them here. 

Fourthly. Vibration and shocks. However well chrono- i^bratioiui 
meters may be stowed, the jars from seas striking the ship, ***■>"*■• 
and other like accidents, must be communicated more or less 
to the chronometers. The vibration of the screw is in some 
vessels sufficient to pass through all the soft cushions in which 
they may lie, and must have its effect, more especially from 
the fact that the watches themselves are hanging in the metal 
gimbols, in which there must be play sufficient to allow them 
to swing easUy, and therefore enough to set up small shocks 
on any violent movements of the ship.* 



* In connection with the obser- 
vations of the Tranait of Venus of 
1874, Lord Lindsay conveyed nearly 
sixty chronometers to Mauritius. 
These were kindly permitted by him 
to be tised in assisting to determine 
the meridian distance between 
Mauritius and Bodriguez, when they 
were shipped on board H.M.S. 
" Shearwater^ under the author's 
command. As the results by these 
watches, both of the distance be- 
tween Mauritius and Rodriguez, and 
Mauritius and Aden, (between which 
latter places they were conveyed in 
the mail steamer,) were remarkably 
good, and as the results by the 
** Shearwater^s " chronometers which 
were admitted into the distance 
Mauritius to Rodriguez were not so 
satisfactory, a description of the 
manner in which Lord Lindsay's 
watches were stowed may not be 



out of place. We may add that the 
** Sheartvater^ had to beat up for 
eight days against a strong trade- 
wind on one occasion, and was a 
very lively ship. 

The watches were taken out of 
their gimbols and placed in square 
boxes, which held nine of them 
each. The partitions of these boxes 
were thickly stuffed with very soft 
material (cotton wool) covered with 
satin, so that each watch lay in a 
bed of down which was made 
exactly to fit it. 

Each box was fitted with a metal 
framework after the fashion of 
gimbols, the outer pivots of which 
fitted into carefully turned sockets, 
in two upright columns of wood, 
which were firmly screwed to the 
deck. Each pair of uprights carried 
three boxes of watches. 

The effect of this was that any 



230 



HYDROGRAPHICAL SURVEYING. CHAP. Xiv. 



In our opinion the variation of rate arising from these 
causes is, with the generality of Admiralty watches, the larger 
proportion of the total change. 

The only notice that can be taken of variation of rate due 
to this, is to consider it as detracting from the general value 
of the meridian distance; and the nature of the passage^ 
whether rough or smooth, should therefore be noted in the 
returns. 

Magnetism is another disturbing cause, to which irregu- 
larities of chronometers have been referred. As no trust- 
worthy conclusion as to this has been arrived at, we do no 
more than mention it. 

It follows as a matter of course, from the preceding obser- 
vations, that not only will the rate of a chronometer as ascer- 
tained before leaving a port be different to that found on 
arrival at another port, but that the sea rate for the interval 
will probably be different from either of them. 

We have now to consider the means at our disposal for 
approximating to the true rate under different circumstances. 

The most satisfactory circumstances under which we can 



slight shocks to the boxes caused 
by seas striking the ship, or by 
longitudinal slipping of the pivots, 
were entirely deadened before reach- 
ing the watches themselves. 

This mode of stowing necessitated 
taking the watch up bodily in the 
hand to wind, which at first sight 
seems dangerous, and undoubtedly 
does present more opportunity for 
accident than the ordinary method ; 
but, as far as the author is aware, 
none took place during the five or 
six months the watches were thus 
treated, and the admirable agree- 
ment of the results seems to show 
that this system was unusually 
buccessful. 

Whether it could be adopted on 



board men-of-war, especially small 
ones, which are usually employed 
in surveying duties, is another 
matter, as it certainly demands more 
space, both for the swinging of the 
box and to allow of free access for 
handling the watches. 

It was very convenient for com- 
paring, as one watch could be held 
to the ear while the eye took the 
time by the standard. 

It seems probable, also, that the 
temperature would be more con- 
stant, from the fact of the watch 
being imbedded in thick soft ma- 
terial. The lid of each box was 
also stuffed softly, and, when in 
place, pressed on the glass of each 
watch) excluding all air. 
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determine meridian distance (after those already described) titerpola- 
is when, having left a port A, called at B (the position we 1"* 



want), where we have only stayed long enough to get Error, P^JJ 
and eventually arrived at K without further stoppage, th^ longitndo 
lon^fudea of A and K are aufficierUl}/ well knoum to take them ^^^^^ 
(zs secondary meridians. 

In this case, by applying the known difference of longitude 
between A and K to the observations at A, we find the Error 
on mean time at K at the epoch of starting from A. The 
difference between this and the Error ascertained on arrival at 
K, divided by the duration of the voyage, will give us a 
fair sea rate, which we shall assume to be uniform and 
invariable during the voyage. A simple application, then, of 
accumulated rate up to the time of observations at B, will give 
us the meridian distance from A to B, dependent upon A and 
K being in certain longitudes. 

We can use the same means if we call at more places than 
one on the way between A and K, but each stoppage will 
probably detract from the value of the sea rate. 

We are here using the sea rate only, and therefore shall 
take the date of the last observations at departure, and first 
on arrival, as the epochs for calculation. If we have obtained 
rate on departure and arrival, we shall gain valuable informa- 
tion about our chronometers, as we shall be able to see how 
far they liave obeyed any theory as to gradual or uniform 
change of rate, according to the ordinary assumption that the 
sea rate is the mean of the two harbour rates. 

The value of a meridian distance by this method will, as 
always,, be influenced by the conditions of temperature, fair 
passage, &c., which must therefore be taken into consideration 
and recorded. 

It will be remarked that by this method, a large amount of 
time is saved, and opportimities otherwise wasted are utilised 
to their full extent. Instead of the necessity of waiting, 
certainly at A and K, and perhaps at B as well, for from five 
to eight days, a simple call of a few hours at each is sufficient , 
to obtain an excellent result. Moreover, instead of involving 



Treat- 
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the eccentricities of chronometers during the time in harbour 
at each end, we only include in the calculation the actual 
time while traveUing at sea, and thereby save the irr^u- 
larities of a good many extra days. 

ShadweU't Captain Shadwell, in treating of this case, does not use an 
invariable sea rate pure and simple, but supposes that the rate 
of departure has gradually and uniformly changed into tlie 
sea rate, which he considers as the rate on the middle day of 
the passage only. He therefore applies for his determination 
of B from A an intermediate rate between the sea rate and 
rate of departure ; but our experience does not lead us to 
think that this is an advantage, although by doing the same 
to the sea rate and rate of arrival, he gets a second meridian 
distance from B to K, and takes the mean of the two as his 
result. Our opinion is that, temperature being left out of the 
question, a better result is likely by using a uniform sea rate. 

fomiibi ' ^e algebraic formula for meridian distance by above 

JjjJ^JJJ'" method of uniform sea rate, is, 

Where M is meridian distance between the terminal points A 
and K of the voyage. 

Ml is meridian distance between port of departure, 
and a port B touched at on the voyage. 

\ is error at A on leaving. 

Xi „ B on touching. 

X3 „ K on arriving. 

t is interval between observations at A and K. 

T „ „ „ A and B, 

In any case of a ship's calling at a place as an inter- 
mediate port on her voyage between two other places, it 
may be well to send home, beside the meridian distance 
obtained in the ordinary manner, the information which 
would enable the office, if or when it possesses the true 
difference of longitude between the terminal ports, to calcu- 
late the difference of longitude of the intermediate place by 
the last formula. 
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This necessary information will be — 
\, Xj, X2, f, and T. 

In transmitting this information we could, for the facilita- Xeudng 
tion of computation afterwards, give only the mean of the * "* 
Errors of all the chronometers, instead of the individual error 
of each, or in other words, assume an imaginary watch, the 
result of which will give the same meridian distance, as the 
mean of the meridian distances by each chronometer; but the 
adoption of this method will of course preclude any estima- 
tion of the value of the distance by the concurrence of 
individual results, and should be therefore only adopted 
when we have reason to believe from inter-comparisons during 
the voyage that the watches have been going well together.* 

There is another adaptation of the method of sea rates as 
obtained by Error at two places whose longitude is known, 
which is ofben useful. 

If we obtain Error before leaving A, and after some days Adapta^ 
call at B, whose difference of longitude from A is known, and ^^.^ 
there obtain Error again, we get a very good sea rate 
for the subsequent part of our voyage, which we can utilise 
to determine the position of C, any tliird place at which we 
may hereafter soon call, with a probable better result than by 
means of harbour rates. 

This method is especially useful for navigational purposes. 
Suppose a ship to leave Portsmouth and to call at Gibraltar 
for a few hours only. Error can be obtained, and by means 
of the known difference of longitude a sea rate deduced, 
which will give a better landfall for Malta, than the harbour 
rates at Portsmouth. 

When our voyage is simply from one port to another, and Meaa 
we wish to find the meridian distance between them, we must ^"^'^ 
depend mainly upon the harbour rates ascertained before 
departure and on arrival 



♦ This method of Interpolation 
is not recognised as being as valu- 
able as I believe it to be, and the 



remarks on it must be taken as my 
private opinion only. — W. J. L. W. 
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The ordinary and rouglier method is to assume that the 
rate has changed uniformly from the rate of departure to 
that of arrival, and that therefore the mean of the two rates 
will represent the mean rate during the passage. We believe 
that (owing to the many causes of variation impossible to 
formulate) in most cases, and especially where temperature 
has been, in the chronometer room, fairly uniform, this 
method will give as good a result as any other ; but where 
temperature has changed much, the result of long meridian 
distances with such rates will have but very little value, 
and that a correction for temperature will much improve the 
result, if we can apply it. 

French naval officers have done much in working out this 
question, and Captain Shadwell gives their separate theories 
and formulae. To our mind the method of M. Mouchez is 
the mast practical; and not undertaking to enter into the 
question of acceleration, nor depending on observations on 
the watches while in the Observatory, it is more adapted to 
actual work. 
Mouohei*! Mouchez proceeds on the assumption, which is near enough 
to truth for the method, that the rate varies uniformly with 
the temperature ; but in working on this hypothesis, we must 
not forget that for each chronometer there is a point of 
temperature at which the rate is at a maximum, and that the 
sign of the variation will change as we pass it. 

He ascertains by observations for rate at different tempera- 
tures, undertaken by the officers when the chronometers are 
embarked, the coefficient for temperature by simply dividing 
the difference of rate by the difference of mean temperatures 
during the intervals of rating. 

This coefficient of change will remain constant for some 
period, though the actual rates themselves will alter from 
other causes; nevertheless, the more these observations are 
multiplied the better, and the latest determinations will be 
used in practice. 

In determining the sea rate for a meridian distance, he 
applies to the rate of departure the change of rate due 



Bule. 
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to the difference between the mean temperature during 
rating, and the mean temperature during the passage, which 
gives one value for the sea rate. Doing the same for the rates 
of arrival, he gets another value for sea rate. The mean of 
these two he takes as the final mean sea rate to be used. 
One weak point here is that the mean temperature, T, of the 
compensation will not be indicated, unless many observations 
at different temperatures are made. It will therefore add 
considerably to the value of this method if we can find T. 

It will be more satisfactory if we can get this from the Idmuioa*! 
Observatory ; but a formula for ascertaining it is given by J^IJU^. 
Capt. Shadwell, from M. Lieussou, which we here append, ttinlng T. 
but we apprehend that in practice not many opportunities 
will present themselves for making use of it. It depends on 
the results of four observations for rates, at equal intervals 
of time, and at different temperatures, a difficult condition 
to satisfy except with artificial aid for the temperature. 
M. Lieussou remarks, "that four rates and four tempera- 
tures, observed at intervals of ten days, determine the 
constants for each chronometer with a precision sufficiently 
remarkable." With the other constants we do not propose to 
deal, but solely to give his formula for ascertaining T, 
which is 

Here T=smean temperature of compensation required. 
w^m^m^m^ are the four observed rates corresponding to 
t\ t% tz U the four temperatures. 

The intervals between the sets of observations for rates 
should be between 10 and 30 days. 

Mr. Hartnup's formulae are somewhat different, and do not Hartnnp*! 
give exactly the same results with the same data. ormulw. 

He observes the rate at three different temperatures not less 
than 15° apart, but there must be an equal number of degrees 
between them. 

The same remark alre<ady made as to M. Lieussou's method 
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-will apply here, viz. that in service afloat it will be difficult 
to fulfil the conditions of observation. His fonnube are as 
follows : — 



C = 






1-t +l+iL 



Where C is the coefficient of change of rate, 

T is temperature of maximum rate^ 

B is rate at that temperature. 

t^ is the middle temperature, 

rj is observed rate at temperature tj, 

d is difference of rate between that at lowest tempera- 
ture and t^y 

di is difference of rate between ti and that at highest 
temperature, 

p is difference between highest and lowest tempera- 
tures observed at. 

Then to find the rate in any required temperature. 

If N = any number of degrees from T. 
Eate at T±N = R + CN». 

Zpoehi of In using the rates of departure and arrival in calculating a 
^onU- meridian distance, the Errors at the last observation at de- 
parture and first at arrival should not be'taken for the epochs 
of calculation, but the mean of the two should be used for the 
purpose, for it is at the mean date between the two observa- 
tions for each rate at which the latter is actually fixed. Thus, 
if we observe at a place A on the 2nd and 8th, and again on 
arrival at B on the 20th and 27th, we should take the mean 
of the two Errors on 2nd and 8th, and call it the Error at A on 
the 5th, and similarly at B on the 23"*-5, and use the interval 
between these two epochs for the multiplication of the mean 
rate. 
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The formula given by Tiarks, and generally adopted, for TUrks' 
calculating the meridian distance between two places by ^"^ 
rates at departure and arrival, without any consideration of 
temperature is 

M« V- |x + ^ (« + !)} 

Where M is meridian distance required, 

X the Error ^t mean epoch of departure, 

y} „ arrival, 

t the interval between the two epochs, 

a the rate at departure, 

h the diflference between rate at departure and arrival 

In calculating t, the diflference of time, due to diflference of Ctienltt- 
longitude between the two places, must not be forgotten ; but^ Sfervtl. 
being reduced to the decimal of a day, must be added or 
subtracted to the interval between the epochs, according as we 
have moved westward or eastward. 

Thus, if our mean epoch at A is at noon on the 20th, and at 
another place, B, 30 degrees to the westward, at noon on the 
30th, the interval of time for accumulated rate will not be 
ten days, but ten plus the diflference of longitude of the two 
places, or 10***08 ; for the sun, having completed the ten days 
by returning to the meridian of A, will take yet another *08 
of a day to be on the meridian of B. 

Similarly, in calculating sea rate from observations at 
diflferent places where longitude is known, we must allow for 
this diflference of time. 

Thus, having taken sights at A at noon on the 2nd, and at 
B, 20 degrees eastward, on the 11th at noon, the interval with 
which to divide the difference of Error at A (corrected for 
diflference of longitude) and Error at B, to ascertain the daily 
rate, will be 8**94, as the sun will be on the meridian at B 
•06 of a day earlier than at A. 

The same formula, when intending to correct for tempera- Tiarks' 
ture, will stand thus : 5l™tem- 
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Where, the other letters signifying as before, 

6 is mean temperature during rating at departure, 
6^ „ „ arrival, 

^a » during the passage. 

y is the coefficient for temperature found from previous 
observations. 

Aigebnie In all cases of correction for temperature the algebraic sign 
of y must be remembered, that is, it must be applied accord- 
ing to the observed effect in altering the rate. 

The same remark applies to the algebraic signs of all quan- 
tities m the formulae. 

Thus in the formula : 



fligiuu 



(-1)1 



M « \^ - \ + ^ 

The signs which are here given, as throughout, for chrono- 
meters slow of mean time and losing rates, will only be true 
under those circumstances with increasing losing rates and 
when moving eastward. A consideration of the facts, and 
obvious effects of the corrections, is perhaps the best course to 
take to determine these signs. 

A meridian distance, founded only upon rates obtained at 
one end, without any further correction, cannot be considered 
as of any value whatever, unless the voyage be very short. 
Tlarki' When using the combination of harbour rates at each end 

fortoter- ^^ * voyage, A to K, to determine the position of some inter- 
polation mediate place, B, we must, to be consistent, remember that we 
harbonr £tre assuming that the rate has gradually and uniformly changed 
from that of departure to that of arrival, and that the rate to 
be used for a portion of the voyage will not therefore be the 
same as that for the whole of it. 

Tiarks, interpreted by Capt. Shadwell, gives us the follow- 
ing formula. 

AVliere Mi is meridian distance A to B. 
A, „ EiTor at B. 
\ „ Error at mean epoch at A. 
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Where M is meridian distance A to B. 
a „ rate of departure. 

6 „ diflference of rates of departure and arrival. 
t „ interval between mean epoclis of rating at A 

and K. 
T „ interval between mean epoch at A and observa- 
tions at B. 

It is to this case that our observations on page 232 refer, to 
the effect that the data for calculating the position of B, as 
interpolated between A and K, may be also transmitted 
home. 

A very good way of measuring meridian distance for the Vse of 
scale of a chart, when the actual distance between the stations 
is not too far, is by rockets. Parties landed at either end of 
the base whose difTerence of longitude is to be measured, 
ascertain the Error of their pocket chronometers. The ship, 
midway between the two, fires rockets vertically; and the 
bursting of these, an instantaneous phenomenon, is noted by 
the watches at either end. 

An ordinary service signal rocket can be depended on to 
mount 1200 feet, and should reach 1600. The bursting, if it 
occurs, as it should, at the highest point, will therefore be 
visible nearly 40 miles on either side, which will permit 
a base of 75 miles to be measured under very favourable 
circumstances of dark night, and clear atmosphere. 

Eockets will not often, however, be seen this full distance ; 
the balls of fire, released on bursting, are scarcely bright 
enough ; and supposing the observers to be at the sea-level, 
the burst of the rockets will only just be above the horizon, 
in which position atmospheric disturbances are greatest, and 
may disperse the rays of light before they can reach the 
observer. Ascending a hill, therefore, will greatly assist clear 
vision, and the use of a pair of field glasses will do wonders. 
Twenty-five miles, on either side, should be measured in this 
way without any great diflSculty. 

It is important, iii transmitting to the Hydrographic Office Truumit- 
the results of ^ Meridian Distance, that sufficient information ^Srolti. 
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is given to enable it to be valued and compared with others 
between the same .places. Some such form as the one 
appended will serve the purpose. 



No. 24. 

Return of Meridian Distance, H.M.S. 



1874. 



Captain. 



From i^'eychellts. To Zanzibar. © , „ 

Observation spot, Seychelles — ^Hondouls Jetty, Mah6 • . Lat. 4 37 15 S. 
„ „ Zanzibar — Old British Consulate Grarden „ 6 09 45 S. 

Kates used — Mean rates of departure and arrival. 
Error at Seychelles on Jan. ISth by Eq. Alts. 

>» >» »» n n lotn „ „ „ 

„ „ Zanzibar Feb. 1st „ „ „ 

» » w »» "t*! » w »> 

Duration of passage, Jan. 18th, 6 p.m. to Jan. 30th, 4 f.m. 
Epochs for calculating accumulated rate, Jan. 15J, Feb. 5th = 20*545 days. 



By OlMcryer I. 



Rate of 
Departure. 



A 

B 
C 
D 
E 
F 
G 
H 
J 
K 



-1-280 
-1-158 
-1-888 
+2-212 
-2-068 
-4-908 
+4-832 
-2-668 



Rate of 
ArrivaL 



-1-544 
-1-211 
-2-849 
+ 2-026 
-2-361 
-5-267 
+4-864 
-5-261 



MerldLin 
Distance. 



h. m. 8. 
1 05 04-54 

05-40 

04 59-48 

05 05 03 
04-96 
02-80 
03-40 

None calculated 



Date. 



Jan. 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



Mean 
Temp. 



80 
81 
82 
80 
79 
81 
78 
77 
78 
76 
77 
78 
75 
77 
79 
80 



Date. 



29 
30 
31 
Feb. 

1 

2 

3 

4 

5 

6 

7 

8 

9 



Mean 
Temp. 



80 
81 
79 

80 
78 
80 
81 
80 
79 
81 
80 
81 



Remarks. 



Sea smooth dur- 
ing passage. 

Steaming 7 days. 

Sailing 5 days. 

Head generally 
West. 

C. H. & F. going 
irregularly by 
intercom pari- 
sons. 



Chronometers rejected C. F. & H. Number used, 5. 

h. m. 8. 
Mean Meridian Distance by Observer 1 .. 1 05 04 '59 

„ „ „ „ „ 2 . . 05 * 43 



Final Mean Meridian distance by arithmetical mean 
„ „ „ „ „ vjilues assigned 



h. m. 8. 

1 05 05 OW. 
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CHAPTER XV. 

TBUE BEABIKG. 

By Theodolite—By Sextant— Variation. 

In nearly all descriptions of surveys true bearings will be 
used. 

The most correct method, from a shore station, is to use the By theo- 
theodolite, which will alone give a very good result for, 



azimuth; but it is better to get the altitudes with a sextant 
and artificial horizon, when two observers are available. 

The theodolite in this case is only used for taking the 
horizontal angle between the sun and the zero. 

There are two principal methods in 'use for obtaining the Two 
azimuth. By observations at equal altitude a.m. and p.m., or "^•**^*^ 
by single observations. 

The former is theoretically the more correct, as many errors afagiii 
are eliminated ; but our experience is that with single observa- ^^Jjji 
tions taken with the sun near the prime vertical, with instru- 1 ~ " 
ments in good order, the result is quite as near the truth 
as is generally requisite in marine surveys. When an 
extensive piece of coast is being surveyed, we shall, as before 
stated, depend upon the astronomical positions for the scale 
and bearing of the chart, and extreme accuracy in obtaining 
the original bearing for working is therefore unnecessary. 

In the former case, the sun will be observed at an even 
stated altitude, and the sextant will be set beforehand, the 
observer using it giving the "stop" to the theodolite observer. 

In the latter, the theodolite observer generally calls the 
" stop,'' and the sextant observer takes whatever altitude it 
happens to be. 
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Ohaaging To arrive at a satisfactory result in either case, it is neces- 
zS^ ^^ ^ ^® several sets, with a different degree of the arc 
pointed at the zero in each, so as to eliminate the errors of 
the horizontal arc of the instrument. 
Oometiiig As it is the bearing of the sun's centre which we obtain 
by working out the azimuth, the aim of the theodolite 
observations is to get the horizontal angle between that 
centre and our zero ; but it is manifest that we cannot trust 
our eye to place the cross-wires of the telescope exactly 
on the centre of the sun, nor can we place the wires truly 
vertical and horizontal. 

If we could do the latter, we could arrive at the angles to 
the centre by merely observing the sun in one quadrant, and 
applying the semi-diameter : but we must not trust this, if we 
want fair accuracy. X ^<. a*'^^ 

XetbodiA In equal altitude observations, the method is to fix on an 
Jj^J* ^ altitude for both sextant and theodolite, and set the vertical 
arc of latter at it. In the forenoon, bring the sun so that it 
is in the lower half of the field, and approaching the vertical 
wire. The theodolite observer then keeps the limb of the 
sun in contact with the vertical wire, and below the hori- 
zontal one. If the theodolite is truly levelled, he wiU not 
need to touch his vertical tangent screw, but if necessary he 
must do so, to keep the upper limb of the sun as nearly 
touching the horizontal wire as he can. When the upper 
limbs of the sun in the artificial horizon are in contact, the 
observer calls "stop," and the motion of both tangent screws 
of the theodolite cease. The horizontal arc is then read. 

Then, without moving the theodolite in altitude, the other 
limb of the sun is brought on the other side of the vertical 
wire, and the reading made when the artificial horizon 
observer gives "stop," on the lower limbs of the sun coming 
in contact. 

The sun will thus have passed between opposite quadrants 
of the cross-wires, as in the diagram Rg. 36. 

Similar observations are made at the same altitude in the 
afternoon, the lower limb coming first. Each set will thus 
consist of two observations a.m. and two p.m. In this 
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method the time must be taken exactly, which is a drawback, 
as it either requires three persons^ or that one should take 
time as well as his observation. There is, however, no 
necessity to know the Ucal time very exactly, all we want is 
the true elapsed time. 

To work out the equal altitude observation, the means of Oalen- 
the times, and of the horizontal angles of A.M. and p.m. respec- bmu^ 
tively, are taken. • ^ "i?^ 





If the sun had no motion in' declination, the mean of a.h. 
and P.M. horizontal angle would be the angle on the horizontal 
arc corresponding to the true meridian, or, in other words, the 
bearing of the zero ; but as this is not so, we must work a 
correction similar to the Equation of equal altitudes when 
obtaining time, to be applied to this mean of the angles. 

The formula for this is 

Correction 



^Cosec time elapsed g^^^ 
2 2 



where ~ is half tiie change of declination in elapsed time. 

This correction is additive to the angle when the sun is 
moving from the nearest pole, and subtractive when moving 
towards it. 

Let us take the following example — 



At Nut ^. Pagoda ^ 360^ 



Alt. 



39° 



Times. 



A.1L 



P.1L 



h. m. 8. 
8 20 14 
8 23 22 
4 02 13 
4 05 20 



Hot. Angle. 



15 05 30 

16 09 16 
193 24 30 
193 28 45 



Z.K. 

»> 
Z. K. 



B 2 
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Lat. 30'' K Declination corrected to Greenwich tiine of 
A.M. observation 18^ 14' N. Sun moving north. 



15 07 22 
193 26 37 



Mean a.m. Times 


h. m. t. 
.. 8 21 48 
.. 16 03 46 


A.M. angle 

P.1L „ 


ElapeedTime 


.. 7 41 68 


Meanangli 


i Elapeed Time .. 3 50 59 
Var.ofdecinlhour 37" -44 



208 33 57 
104 16 58 



3-85 



18720 
29952 
11232 

4= 144-144 
2 

Mean angle 



Angle of South Point 
Or. bearing of Pagoda 



Cosec 



SeclAt.. 



2-15866 

E- T. .07279 

06249 



2 



2-29394 
Cor = 3' 17" 

or// 

104 16 58 
- 3 17 



196"-7 



.. 104 13 41 
..S.104 13 41 E. 



A number of similar sets, taken with different degrees as 
zero, will give a very correct result, and though all instru- 
mental errors will not be eliminated, the majority of them 
wiU disappear. 
Xeikodby In '' single" observations, each set will consist of four 
!u^ ^lyf contacts, in each of which the sun will be tangential to the 
vertical wire in a different quadrant of the field. 

The mean of these wiU then be the angle to the sun's 
centre, corresponding to the mean of the four altitudes. 

When the altitude is being taken by a sextant, it will 
only be necessary for the theodolite observer to be very exact 
witib the contact of the side-limb of the sun ; but his upper 
or lower limb, as the case may be, should be as nearly 
touching the horizontal wire as possible, to insure the 
elimination of the wire error. 

It is quite immaterial in which quadrant the observer 
commences ; but whatever plan he adopts, he should always 
observe in the same manner, as it prevents confusion and 
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mistakes. The sun will appear as in the diagrams in 
Kg. 37. 

When taking the observation with the theodolite alone, it 
will of course be necessary to see that both the horizontal 
and vertical wires are truly tangential to the sun's limbs. 

Six sets should give a very good bearing; but if the theo- 
dolite is a very small one, or is known to be badly graduated, 
more may be necessary. 

Half the altitudes in the artificial horizon may be taken 
with upper limb and half with the lower ; but this is not 

PIG 37. 







important, as if the observation be made when the sun is 
near the prime vertical, a small error in the altitude will but 
slightly affect the azimuth. 

The azimuth of the sun having been obtained by the 
ordinary rule of nautical astronomy, the true bearing of the 
object is found by applying the mean of the theodolite angles 
of that set. 

Care should be taken that the vertical circle of the 
theodolite is truly in adjustment in the vertical plane, as 
neither "single" nor "double" observations will eliminate 
any error of this kind. 
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Method by In finding a true bearing with sextant only, it will save 

Sextant trouble if two observers are employed — one to take the alti- 
tude, the other to measure the angular distance at the same 
instant. 

If only one observer is available, he must take altitude and 
angular distance alternately, taking care to end with the same 
observation as that with which he begins, so that the mean of 
each kind wiU correspond as nearly as may be in time. Thus, 
if he begins with altitude, he must also end with altitude. 

Oaionla- In this instance we have to calculate the horizontal angle, 

2JJ^^^ which with the theodolite we obtained directly. 

Angle. The object should be so chosen that the line joining it with 

the sun should not make a larger angle with the horizon than 
20°, and the less the better, as any inaccuracies of observation 
will not then be much increased when the horizontal angle is 
deduced. If we take an object 90° or more from the sun, these 
conditions will be ftilfilled, the sun being of course com- 
paratively low, and near the prime vertical. 

Two Ouee. There are two separate cases :-^ 

First, when the object whose bearing is desired is on the 
horizon ; and secondly, when it has a sensible altitude, as a 
mountain top. 

Objeot on In the first we have to solve a quadrantal triangle as shown 

^"^^ in Fig. 38. 



FIG 38. 




Here, Fig. 38, Z is zenith, S is sun, and O the object on the 
horizon* 
We have Z 5= 90°. Z S the apparent zenith distance, 
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and OS the observed angular distance, to find OZS, the 
horizontal angle required, or 

Cos horiz. angle = Cos ang. dist. x Sec. app. alt. 

(Object on horizon, two observers with sextants and artificial 

horizon.) 

On June Ist, 1881, at Cob A 7** 24"* a.m. mean time of 
place, observed altitude of ^ 60° 18' 35", mean angular distance 
of a to Pine A on horizon 84° 26" 20', object right of 0. 
Lat. 40° 26' 15" N. Long. 28° 00' K Index Errors - 35" and 0". 



M.TimepL 
Long, in time 


60 


h. m. 
7-24 
1-52 


It 

35 
-36 


15 
17 


O'sdeclst .. 

Corrected dec. .. 
PoL dist 

Var. 

Obs. Ang. dii 
S. D. 

True Ang. di 

Sec. 
Sec 

i Hay. 
I Hav. 


/ 
22 6 
2 


69-6 N. 
08 


Gr. Date Slat 


17-32 


22 04 


51-6 


„ l8t 


-6-28 
18 


67 55 


08 


Obd. alt. .. 
Index error.. 


1! 

St .. 84 


20-0 
6-4 


K 


)60 18 

30 09 
+15 


00 

00 
48 


800 
1200 


S.D. 


28"-00 


^'"■:; 


30 


24 
-1 


48 
31 


26 20 
15 48 


T.alt 


30 


23 


17 


St .. 84 


42 08 




of 8 




40 
30 


26 
23 


Lat 

Alt 


•1186 
•0641 

4-7987 
, 4-6846 


50 
81 


P.D. 


10 
67 


02 
55 


58 
06 






77 


58 


06 


24 




57 
un 


52 


10 


77 




9-666132 


Azimuth 


N. 85° 49' 25'' E. 
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Cos. true Ang.di8t.., 8*965353 
Sec. app. alt .. *064294 

Co8.Hor.ang. .. 9-029Q47 .. 83 51 14 Hor. ang. 

oil* 

Azimuth © N, 85 49 25 B. 

Hon angle 83 61 14 

N.169 40 39K 



Trae bearing Pine /^ .. S. 10 19 21 B. 

Objeet ^ ^® second case, we have a spherical triangle with three 

elevated sides known, as in Figure 39. 




FIG 39, 



Here, Fig. 39, we have Z O, the zenith distance of the object, 
Z S, and O S, as before, the apparent zenith distance of sun, 
and angular distance ; to find Z S, the horizontal angle re- 
quired, which can be done by any of the applications of the 
formula 

Cos OS- CosZS . CosZO 



Cos O Z S = 



SinZS . SinZO 



Example. 

(One observer with sextant, sea horizon, alternate observations, 
object elevated.) 

At St. Ann's A, October 5th, 1881, Lat. 5"* 10' S. Long. 
57° 14' E., the following observations were taken for true 
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bearing of Snow Peak. Height of eye 10 feet, object right 
of©. M.T. place 8.00 A.M. LE.-50". 



Alt Q 



06 10 

13 00 

20 15 

28 00 

36 10 

42 60 



Aug. DisUnoeof 
Snow Peak (SI 



94 14 40 

16 10 

18 30 

20 00 

21 20 



Eteratioa of Sdow Peak. 



On arc 
Off „ 



1 26 10 
1 24 30 

1 25 20 



4thM.T.pL.. 26 5) 
Long. .. 3 49 

Gr. date 4th 16 11 
„ „ 6th - 7 49 



dec. 



Of n 

4 63 44 S. 



Var 





7 30 


Corr. dec. . 


4 46 14 


P.D. 


85 13 46 



67-7 
7-8 

4616 
4039 

6 ) 460-06 
r-30^ 



Mean. obs. alt (E^ .. 30 24 24 
LE -60 

30 23 34 
H.E -3 07 

30 20 27 
S.D. +16 02 

. alt .. .. 30 36 29 
-1 30 

Tr. alt 30 34 59 

O t tl 

Lat. .. 5 10 00 Sec. 
Alt. .. 30 34 69 Sec. 

25 24 69 
P.D... 86 13 46 

110 38 45 I Hay. 

69 48 47 \ Hav. . 



Mean obs. ang. dist. 
I. E 



94 18 08 
- 50 



94 17 18 
S. D +16 02 



Gorr. ang. dist ., 



94 33 20 



•001768 
-066062 



4-915068 
4-697741 



9-679629 S. 87*^ 30^ 11" E. Azimuth © 
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App. alt. O - 30 36 29 Sec. .. -065163 

Alt. snow peak .. 1 25 20 Sec .. "000134 

29 11 09 

Ang.dist 94 33 20 

123 44 29 i Hay. .. 4*945413 



66 22 11 iHav. .. 4-732406 







9-743118 


o 


t 


1$ 


96 


08 


33 


S. 87 


30 


UK 


S. 8 


38 


22 W. 



Horizontal angle .. 
Azimuth Q 

True bearing snow peak . 

Vm of The Pole star may be used in the noithem hemisphere to 

Polazif . obtain true bearings at night. 

Circumstances under which this is useful are related at 
page 139, which see. 

The Greenwich time must be known, and the angle 
between the Pole star and object whose bearing is required, 
must be large. 

Measure the angle and take the time. 

Ascertaining the sidereal time of observation as in ordinary 
Pole star calculation, add six hours to it for a second sidereal 
time. 

Out of Table I. in Nautical Almanac, take the correc- 
tion with first sidereal time, which, applied with the 
reverse sign to the latitude, will give the altitude at the 
time. 

Take out a second correction with second sidereal time, 
which will be the rectangular deviation of Polaris from the 
meridian. 

To calculate the horizontal angle answering to this, the 
formula is 

Sin horizontal angle s Sin correction x Sec. alt. 

which will give the true bearing of Polaris, east of meridian 
when first sidereal time is between 13 h. 20 m. and 1 h. 20 m., 
west when otherwise. 
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August 10th, 1881, Lat. 43^ 30' K, Long. 66^ 30' W., at 
13.34 G.M.T. Observed angle from Polaris to Seal l\ light, 
80° 10', right of Polaris. 



G. M. T. .. 

Long. .. .. 

M. T. ship .. 
Sid T. noon .. 
Acceler. 

Ist S. T. Obs. 



h. m. 

13 34 

4 26 



9 08 

9 16 

2 


+ 


18 26 
6 



2nd 



26 



Corr. for 2nd S. T .. 

Gosang. disL 
Sec. alt. 

Cos. hor. ang. 
Hor. ang. 
Polaris 

Seal I*. L*. .. 



Cor. for let Sid. T. 
Latitude 



Altitude Polaris , 



Sin. Corr. for 2nd S. T. 
Sec. aJt. 



- 17 
43 30 

43 13 



8-36018 
•13741 



vir 




.. 9-2324 
.. 0-1374 

.. 9-3698 
.. 76° 27' 
N. 1 46K 



N.78 12 E. 



VABIATION. 

Accurate variations are very useful in all parts of the 
world, as from them the lines of equal variation shown on 
charts are drawn ; but to enable them to be so used, they must 
be trustworthy. 

Variations can be taken either at sea, or on shore. 

In the first instance, we cannot expect great accuracy from 
any one set of observations, but they are very useful in assist- 
ing the determination of the lines of equal variation, and by 
meaning the results of many ships a good value is obtained. 

The local deviation of the compass must be accurately 
known, and as this varies in different latitudes it must be 
ascertained from time to time.* 



See page 294. 



252 HYDROGRAPHICAL SURVEYING. chap. xv. 

Shore variations are of most value, whm, we are mre of no 
local aUraction. 
Shore The requirements for a good shore variation, that the Hydro- 

^ftntT** graphic Oflftce can put confidence in, are as follows : 
fat Yazi*- 1. The true bearing of different points (about six) as equally 
• distributed as possible round the circle whose centre is the 
observation spot, must be well and accurately observed with a 
theodolite. 

2. Bearings of all these points must be taken by the com- 
pass from the observation spot. 

3. More than one compass must be used, and their errors 
must be known at the ofi&ce. 

4. Different sets of observations must be made with different 
pivots and with different cards. 

5. The groimd on which the observation is made should 
be free from every suspicion of containing any iron, and the 
nature of the rock, or whatever the formation may be in the 
vicinity of the observation spot, should be mentioned in the 
return transmitted home. 

Points 1 and 2 are necessary precautions against the errors 
of the card caused either by bad graduation of its arc, or firom 
accidental bending of the edge. In ascertaining the true 
bearings, it will only be necessary to observe one object, when 
theodolite angles to the others will give their difference of 
bearing. 

As regards No. 3, all compass cards have an error caused by 
inaccurate affixing of the magnetic needles, which requires to 
be applied to the results. 

No. 4 is necessary to multiply observations, and make certain 
the card is working properly. 

Shore observations should be obtained at stations where 
the variation is already well known, when opportunity offers, 
as these will enable the Office to calculate the errors of the 
compass. 
Yaziaiioa An example of observation for variation is appended. 
WlwT* ** Although the variation is here deduced to show the method, 
this would not be done in forwarding these observations to the 
Admiralty, as there are certain card-errors to be applied first. 
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CHAPTER XVI. 

SEA OBSERVAnONS. 

Double Altitude — Sumner's Method — Short Equal Altitude — Circum- 
meridian Altitudes of Sun. 

Ai regaida FoR surveying purposes, observations at sea are mainly re- 
^^J^^ quired for fixing the ship's position when sounding banks, or 
tioM. looking for vigias. "We cannot hope to attain to any very 
great accuracy, and are much dependent on weather and the 
state of the sea and clearness of the- horizon. As longitude 
must depend entirely on the chronometers, we must in cases 
whiere we require all the accuracy we can get, as in fixing 
the position of banks far away in mid-ocean, wait until we 
can again obtain Error and rates to give the final positions ; 
but with ordinarily good chronometers our daily positions 
obtained whilst sounding will be correct, comparatively one 
with the other, so that we can at once plot and delineate 
the shape of the banks, which is what we want at the time. 
?oiition One great object when sounding or looking for banks is to 
Se day! obtain a position as early as possible in the day, after lying- 
to probably all night, as in the vicinity of banks currents are 
nearly always set up, and in variable directions, so that we 
cannot at all depend upon dead reckoning, or upon finding 
ourselves where we laid-to the night before, and in many 
instances, unless we know in which direction to go, it is useless 
to move at all. 
star LatL- In such cases observations should be taken throughout the 
** night; for, though they will give but approximate results, 

latitudes by pairs of stars north and south of zenith by the 
same observer should give under favourable circumstances a 
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position within five miles of the correct latitude, which will 
tell us if we are drifting much in the line of the meridian, and 
also affords us an approximate latitude to work longitude by, 
in the morning. 

The worst of it is, that circumstances apparently favourable 
are often not really so, as the great source of error in night 
observations is the impossibility of being certain of the horizon. 
A false horizon will frequently look so well defined as to mis- 
lead the best observer, and will of course throw out the 
resulting latitude greatly. Thus we csxl put no great faith in 
latitude by stars, and none whatever in a single observation, 
or even in a single pair, as the horizon in one direction may 
be true and in another false. It is only in a series of pairs of 
stars through several hours that we csxl have any confidence, 
as if the result of these agree fairly, or steadily show movement 
in one direction (the effect of a current) we may then feel 
pretty sure of our position as far as latitude goes. 

Night observations at sea for longitude are not of much use; Star* 
but, under unusually good circumstances of horizon, the mean ^^[^ 
of two star chronometers, one east, the other west of meridian, longitude, 
may be better than nothing.* 

If, when the day has sufficiently broken to enable the horizon star at 
to be clearly seen, we can get an observation of a bright star ^y^**^ 
or planet for longitude, this, with the latitude deduced from 
frequent pairs of stars, will give us a good position to start our 
day's work with. 

As soon as we can get an observation of the sun, we can 
combine it with the daybreak observation after the manner of 
Sumner, and so get a check on the first position. 

As observations must be carried on throughout the day, in siflbrent 
order to get as many positions as we can, we now come to ^•^Jf^i 
the different methods of obtaining latitude and longitude other ing Poai- 
than by the ordinary means of longitude by chronometer and ^^ 
latitude ^t noon. 

There are three methods of finding latitude and longitude 
at the same time, viz. by Ivor/s rule for double altitude, by 
Sumner^s method, and by a short equal altitude ; and for lati- 
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tude only, we have circum-meridian altitudes. These are all o^ 
service under different circumstances, which will be hereafter 
described. 

DOUBIiB AI/FITUDR 

Ivory*! Ivory's rule for working a double altitude, with Biddle's 

Jj^Jj^^ extension, by which the longitude is also obtained, is too well 

known to require any special remarks. 

Oonditioiui The condition requisite to make the position obtained by 

j^UJ* double altitude trustworthy, is mainly that the sun should 

AltUnde. change in azimuth a fair amount, otherwise one of the triangles 

will be so ill-conditioned that a small error in either altitude 

or time will have a great effect on the result. 

In the generality of cases we have this condition by allow- 
ing about two hours to elapse between the observations, and 
we can therefore get a fair position by about half-past nine or 
ten o'clock ; but in low latitudes, when the declination and 
latitude are nearly the same, the sun will rise so nearly on a 
circle of altitude as to change the azimuth very slowly, and 
we must wait till nearly noon before we can put any confidence 
in the observation. 

Unless then we lose our meridian or circum-meridian obser- 
vation, a double altitude is under these circumstances of little 
use to us. It is, however, more to be trusted than a Sumner, 
when change of azimuth is small ; but it may be broadly stated 
that unless we are very ignorant (from lack of previous obser- 
vations or other causes) of our position in latitude, we cannot 
under these circumstances do much before noon with observa- 
tions of the sun alone ; but we can get a good position by 
combining a daybreak observation of a star with one of the 
sun, as soon as it has sufficiently risen, by Sumner's method. 

SXnCNEB'S METHOD. 

Sumner's method, which is but too little used in ordinary 
navigation, depends upon the fact that a heavenly body at any 
moment will be seen at an equal altitude from any part of a 
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small circle of the earth, circumscribed round the spot where 
the body is vertical, with a radius equal to the zenith 
distance. 

Knowing, therefore, the altitude of the sun, and the point on 
the earth whose zenith it is in, an observer will always be able 
to say that he is somewhere on the circumference of that 
circle. This alone would not give us much information, but it 
is seldom that we do not know our latitude to twenty or thirty 
miles. We shall know then that we are on that part of the 
circumference which includes these latitudes, and as when the 
sun is not very high the circle will be of large diameter, the 
portion of it within our limits may be, without much errors 
taken as a straight* line. 

In practice, then, having obtained an altitude of the sun, 
or any other body, by assuming two latitudes we can work 
out two longitudes by ordinary chronometer method, and 
plotting the two positions, and joining them by a line, we 
shall know we are somewhere on that line, which will lie at 
right angles to the true bearing of the sim. We must know 
the Greenwich time, and therefore our positions will be 
as much dependent on the chronometers as any ordinary 
longitude. 

Waiting until the earth has revolved a sufficient amoimt to 
alter the bearing of the sim, we repeat the operation, and 
obtain another line, the direction of which will differ from the 
former by the difference in the azimuths of the sun at the two 
observations. 

If we have been motionless in the interval, the intersection 
of these two lines will give us our exact position (always 
dependent on the chronometers); but if we have moved, 
we must so far trust our dead reckoning as to transfer the 
first line in the direction, and for the distance, we have run, 
when the intersection of the second position of the first 
line with the second line will be our position at the second 
observation. 

H.M. ships are provided with a large sheet on which piottinf 
longitude is marked, leaving the navigator to complete the ^ 
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Mercator^s projection by measuring the meridional parts for 
the latitude he is in. 

On this, or a similar sheet graduated on board, the Sumner 
lines will be plotted, as it will both spare the charts, and from 
the increased scale provided, will give a better position than 
if the plotting was done on the ui^ual small scale general chart 
of an ocean, 
liniti of It is obvious that the value of a position will largely depend 
2Jj[^ on the angle between the two lines, or, in other words, on the 
change in azimuth between the observations. 

In low latitudes, therefore, when declination and latitude 
are nearly alike, we cannot use this method with the sun 
alone early in the day, as the sun will rise nearly vertically 
from the horizon, and we want a change in azimuth of at 
least 20° to give us a trustworthy position. The same circum- 
stances will much detract from the value of a double altitude, 
as has been remarked, so that in such a case neither the one 
nor the other are much use as an absolute determination of 
position. 
OOiT But Sumner's method has other resources We can corn- 

el 1^ bine a line obtained from the sun with one from the moon or 
■'""*«'» other heavenly body, as, for instance, a star obtained at day- 
break when the horizon is sufficiently defined for us to trust 
it. All we need is that the bearings of the two bodies differ 
sufficiently to give a good intersection. 

By this means we can often get a good position early in the 
day, which we cannot get in any latitude, with the sun alone, 
without a considerable interval of time elapsing. 

This combination, therefore, of a star and the sun affords us 
the best and earliest opportunity of determining our position, 
and we should always endeavour to obtain it. 

It may be noted, that, as to get a good intersection, when the 
sun is going to rise near the east point, the star will have to 
be pretty near the meridian, we must choose a high one if we 
can, or the resulting position may be in error from slow motion 
of the star. 

Should we be able to get a good meridian or circum- 



CHAP. XVI. SUMNER'S METHOD. 259 

meridian altitude, of a star, we shall of course use the resulting 
latitude. 

A sun-Sumner requires the same circumstances and obser- Advui- 
vations as a double altitude, but it has several advantages S^e^*' 
over the latter. Altitude. 

In the first place, the first half of the observation can be 
worked out at once ; by which means we not only obtain the 
line on which we know we must be, and so have an approxima- 
tion to our position at once, but also, having worked half of 
the calculation, it will not require many minutes after the 
second observation is taken, to complete it and obtain the true 
position. 

Secondly, errors of calculation are less likely to be made in 
a Sumner, and are more readily detected, as we have a check 
in the bearing of the sun, which must be at right angles to 
the direction of the Sumner line. 

Thirdly, the fact of obtaining a line of position is of great 
value in many cases, as we can always tell roughly in what 
direction to go to shorten our distance to any given point, 
unless it should fall on or near the line, and when searching 
for a vigia this knowledge, early in the day after a night's 
lying-to, will be invaluable. 

Fomthly, we can repeat the observations a third time, and 
so check our first position with but little labour of calculation 
long before noon, especially in the case where we have com- 
bined a star with the sun, and are, perhaps, doubtful of the 
star observation, either from faintness of the star or indis- 
tinctness of the horizon. 

Burdwood's and Davis's Tables of Azimuth may be made AjdmiitK 
use of, instead of working out a second position with a second '•^^ 
latitude. In this case we should assume the latitude we 
believe ourselves to be in, and taking from the tables the 
corresponding bearing, lay the Sumner line off at right angles 
to it, tJirough the single position obtained. 

Where we know our latitude to a few miles, as is frequently 
the case, this method saves a good deal of calculation without 
introducing any error. 

8 2 



26o 



HYDROGRAPHICAL SURVEYING. CHAP. xvr. 



ThomwiL'i 
Table. 



Bearing of 
land and 



Sir William Thomson has published some tables for facili- 
tating the calculation of Sumner lines, which, with practice, 
saves a little time and chances of clerical errors. 

The true bearing of a distant mountain whose position is 
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line, if its direction is such as to make a good cut with the 

latter. 
Szample In Fig, 40, let us suppose A and B to be the positions found 
of Boniner. ^yy assuming two latitudes and working out the altitude of a 
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star obtained at daybreak. Joining A and B, we get our fiist 
Sumner line, and we know we are somewhere on it. Having 
run W. \ N. 7*5 miles, we get an altitude of the sim ; and 
assuming in this case the same latitudes, we get two more 
positions, C, D, and the line joining them is another Sumner 
line. To project the run, we draw a line in the required 
direction, and for the distance run, from any part of the line 
A B, and draw another line parallel to A B through the end 
of the run line. The position S, where this last intersects C D, 
is the position of ship at second observation. 

Eunning on in the same direction for 11 miles, we get 
another altitude of the sun, and another resulting Sumner 
line E F. Transferring the two first lines by the run as before, 
we now have three lines intersecting, or nearly so, at T, and 
by their coincidence or not we can measure the accuracy of 
our former positions — ^to a certain extent, that is, for it must 
be remembered that as the intersection of our lines is governed 
by the run allowed, a current, or constant error .in calculating 
the run, might give an apparently good position which may 
really be considerably in error, even when the third inter- 
section is obtained, with certain arrangements of the lines and 
the run. 

8HOBT EQUAIi AIiTITirDS. 

In low latitudes, where the motion of the sun in altitude is 
rapid nearly to the time of transit, a very good longitude may 
be obtained at noon, by a short equal altitude, taking obser- 
vations about 20 minutes before and after noon. The change 
of declination in this short interval will not affect the time, 
so that the middle time between the observations as shown 
by the watch, can be taken for the time by the watch at 
apparent noon. All we have to do, therefore, is to take the 
difference between mean time of apparent noon and the 
Greenwich time, as shown by our chronometer, which gives 
us longitude directly. 
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CTBCXTM-MEBIDIAN AltTTFUDES OF SUIT. 

These are of great value, as, when the observations are within 
the limits of time from noon, the resulting latitude is as 
correct as from a meridian observation, which may be lost 
from clouds. They should be worked in precisely the same 
manner as the shore observations of the same description, and 
should be obtained as near noon as possible. If more than 
four or five minutes have to be added to the observed altitude, 
they will not be of much value. 

If Baper's most valuable book is at hand, a short and cor- 
rect rule, in connection with two of his tables, will be found 
at page 232 of the thirteenth edition, which will give the re- 
duction as nearly as requisite for sea work. 
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CHAPTER XVII. 

THE COMPLETED CHABT. 

Fair Chart — Reducing Plans — ^Delineation — Symbols— Colouring — 
Graduation. 

The work is sent home to be published in several ways, Trans- 
according to circumstances. b^iS^ 

When the detail, as it proceeds, is inked on the original 
sheet itself, it may be necessary to transmit a portion home 
before the survey is all complete, and a tracing is often used 
for this purpose, as the original sheet, with the " points " still 
accumulating, must be retained on board ; but, if possible, it 
is better to send work home on drawing-paper, which is not 
Uable to so many accidents from tearing, &c., can be more 
fully worked up as regards detail, and can be better kept as 
a record, though the originals will in the end be transmitted 
to the Admiralty in any case. 

When the detail is placed directly on the original sheet, it original 
is very difficult to keep it clean enough for everything to be ^^'*'"*' 
clear and distinct, as straight-edges, protractors, &c., will be 
constantly placed on the chart over the completed part, and 
lines must be often drawn over it. It can be kept clean 
enough for transmission home as the finished chart, and by 
doing so, all errors arising from imperfect transferring will be 
avoided ; but the surface of the paper must get so rubbed by 
constant cleanings, that, if a large sheet, it is seldom satis- 
factory. Several hands may have been employed in it, and 
the chart will then bear a piecemeal look. If this origincd 
sheet is not sent home, a copy has to be made on another 
sheet of paper, which will be the fair chart. 



264 HYDROGRAPHICAL SURVEYING. chap. xvii. 

Tair The usual mode of making this is to place the new sheet 

^^*^*^ under the old one, and prick the " points " through the latter, 
on to the former. A careful tracing having been made of the 
working sheet, it is placed on to the fair sheet, so that the 
points all correspond, and by means of transfer paper is traced 
on to the fair sheet, and inked in. 

Great care is requisite, in transferring in this manner, that 
the tracing does not move from its proper position, and heavy 
weights must be used to prevent it from so doing. Errors have 
often crept in from careless transferring, and want of proper 
examination and comparison afterwards. 

In working with the method reconmiended by the writer, 
vi2. each assistant's work plotted and inked on to his own 
separate board, and all then placed on one tracing, the final 
sheet can either be the original on which all the points have 
been plotted, if that has been kept clean enough ; or a sheet 
may be pricked through, as mentioned above, for the purpose ; 
but in either case only one complete chart will be made, the 
general tracing sufficing to show whether the work of difTerent 
assistants has met, and what is wanted to complete. 

This, or these (as in a large sheet there will be several 
tracings for different parts), will be the tracing used for 
making the final chart in this case. 

This chart will also be the work of one hand, who will, 
after transferring outline, soundings, &c., from the general 
tracings, have the original little bits before him while inking 
in ; these little bits having been taken off their boards, and so 
reduced, by having superfluous paper cut off, as to be handy 
to lay on the sheet. 
Orisixul By washing off the field boards, the paper will have become 
Sheeti. distorted and contracted, but not to a sufficient degree to inter- 
fere with the small detail of sinuosity of the coast, which is 
what we mainly want them for. Everything will have been 
traced on the general tracing before the paper has been re- 
moved, and care must be taken that this is so, as it cannot be 
done afterwards. 

In whatever manner the final chart is sent in to the office, 
all " points " must be distinctly marked on it, especially main 
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points. These latter are often distingiiished by the triangle "Points" 
which means theodolite station, and in surveys where the shown, 
sextant has also been employed in triangulation, should cer- 
tainly be so. The " points " are necessary to join one chart 
to another, and also, in case of future revision of the chart, 
they afford means to the reviser of measuring the accuracy 
of his predecessor's groundwork. 

Plans sent home by officers in general service ships often 
lose much of their value from neglect of this. The existence 
of the " pomts," and their proper position, will at once give 
a confidence in the detail of the plan, that it is impossible to 
accord to the work of an ofl&cer, however zealous, of whom 
nothing is known as to his hydrographical capability, and 
who fails to give any indication in his chart of how it has 
been constructed. 

BEDXJCING' FIjAKS. 

In a survey of an extensive nature, bays, harbours, &c., 
will often be done on a larger scale than the rest of the sheet. 
These must be either left blank on the coast sheet, or else re- 
duced from the large scale plans. 

It may sometimes happen that a portion of an anchorage is 
surveyed on the small scale before it is decided to make a 
large plan of it, on discovering it to be worth while to do so. 
This must not appear, however, on the completed chart, it 
must be all reduced from the larger scale. 

Instruments for reducing, eg. eidographs, are not supplied, Rednotion 
and the reduction is accomplished by " squaring." bytiqnar- 

This consists of ruling similar lines on both sheets, forming 
squares and diagonals all over the part to be reduced. 

The two stations farthest apart on the plan, which must 
also be plotted on the small scale chart, are joined by a line on 
both sheets, the " directing line." Then, taking the smaller 
first, divide this line into as many equal parts as is thought 
necessary. These parts will be from a quarter to an eighth of 
an inch long. Set off lines at right angles to the directing line 
from each point measured, and then lines parallel to the 
directing line, at the same distances apart as the others. The 
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portion of the sheet required is now covered with squares. 
Bule also the diagonals. These will check the correctness of 
the squares, as they should, of course, pass exactly through 
each comer. 

Now do the same for the large scale, making an equcU 
number of squares. 

It will be seen that nothing is measured, everything being 
done by subdivision of the directing line. 

Great care is necessary to rule all these lines truly rect- 
angular and equidistant. 

Number the lines on each plan, to prevent mistakes, giving 
the same number to similar lines. Letters may be put to one 
set of lines, and numbers to those at right angles. 

Then, taking proportional compasses, set to the difference 
of the scale as ascertained by measuring the distances apart 
of similar lines, the distance of each little detail of the plan 
from the nearest lines, can be put down by the same distance 
from the similar lines on the small scale. 

Eeducing is an operation demanding even more patience 
and trouble than usual, and it is better to leave the space 
blank than to reduce it carelessly. 

DELINEATIOIi', SYMBOIiSy AJSTD COIiOTTBINa. 

The annexed specimen chart, taken from the 'Admiralty 
Manual,' shows the method of delineation employed in fair 
chart work. 

The following symbols are in use in surveying, in field 
books, and rough charts. 



8igiiifor 


The days of th< 


3 week are thus symb 


olised by the 


3 asi 


Week 
Dayi. 


mical signs of the 


planets. 








Sunday .. 


., Sun's Day .. 


.. Sun .. 







Monday ., 


.. Moon's Day .. 


.. Moon .. 


1> 




Tuesday .. 


.. Teut'sDay .. 


Mars .. 


i 




Wednesday 


.. Woden's Day 


Mercury 


8 




Thursday.. 


.. Thorns Day .. 


.. Jupiter 


% 




Friday .. 


.. Friga'sDay ., 


.. Venus .. 


9 




Saturday .. 


.. Saturn's I^y 


Saturn 


b 
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The following signs are useful in the field books. other 

Symbols. 

Objects in line, called transit .. .. •• ^ 

Station, where angles are taken A . 

Zero, from which angles are measured .. ..0 
Binole altitude Smi*s lower limb .. .. .. Q 

n » upper „ ^ 

Double „ „ lower limb in artificial horizon Q 

»» n >» upper „ „ „ T5 

Sun's right limb •• .. .. .. .. €1 

»> left „ 13 

Sun's centre •• .. "00 

Right extreme, or tangent, as of an island .. .. ^ 

Left »» •> M f> •• •• ^ 

Zero correct „ „ „ .. .. Z. E. 

Windmill „ „ „ » .. •• ^ 

Water-level .. .. .. .. ., •• w. 1. 

Whitewash .. .. w. w. 

Some charts are worked up by indian-ink alone in all 
parts; in others^ colour is used to assist the delineation of 
the different parts, indian-ink being always used over the 
colour, in exactly the same manner as if there was no 
groundwork. 

A wash of some colour on the land helps to throw it up Coloviiig. 
very much ; but care is very necessary in giving this edging 
that it be not too deep, and that too much water is not used, 
or the paper will distort, and the tracing will not fit. Also in 
drying, that it does so gradually and generally, not allowing 
a streak of sunlight, for example, to fall across one part of 
the sheet. 

U using colour, the following tints should be used for the 
different parts. 

Sand .. .. .. .. Gramboge, dots black. 

Low- water sand edge .. .. Do. dots carmine. 

Mud, dry low- water .. .. Neutral tint, edge of fine black 

dots. 

Coral, dry low-water, or any rocky Burnt siemia and carmine, mixed, 

ground covering and uncovering for wash; same darker, for edging. 

Cliff .. .. .. .. Dark neutral tint. 

Roads Burnt sienna. 
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Fathom lines up to five fathoms .. Either a faint wash of cobalt all 

over the area included within 
the fathom line, or a narrow edg- 
ing of the same colour inside the 
dots of the fathom line. 
N.B. — ^To make indian-ink perfectly black, mix a little indigo with it. 

When the country is mountainous, no general wash, but 
only a local green in the valleys, and on flat ground, has a 
good effect. 
Hills. 'Hills are done in various ways. Hachiires of indian-ink 

done with a pen in the same fashion as they will be eventually 
engraved, takes most time and is most difficult to do, but 
when well done looks best. 

Shading of indian-ink, put on with a brush, is done much 
quicker, and shows up very well. . 

Simple contour lines will enable the chart to be engraved 
almost as well as the other modes, but does not look so well. 

In charts issued by the British Admiralty, the shading is 
put on hills as though it were a raised map, with the light 
coming from the north-west. 
Vames. In inserting the names, care should be taken that no letters 

are upside down. Thus, it is often necessary to write a name 
in nearly a meridional direction, and it will depend upon 
whether the trend of the name is east or west of the meridian, 
whether it written from south to north or north to south. 

FIG 41. 




Thus in the two instances given here, if the names had been 
written in the opposite direction, part of them would have 
been upside down. All names should be readable by turning 
the head, without the necessity of moving the chart.* 



* Vide "Instructions for Hydrographic Surveyors'* for useful hints. 
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All names of capes, &c.^ should be as much on the land as 
possible. The soundings being the most important part of a 
chart, they should be kept as dear and distinct as practicable. 

Different characters should be used for the names of different 
classes of objects. Thus, one style for bays, another for points, 
another for shoals, and so on. 

The scale of the chart is got from the longest calculated Bide for 
distance on it. This will, in cases of plans, generally be the ** 
same as that we originally plotted from, in which case we 
already know our scale. But if we were obliged to plot from 
a short side, and have since obtained data which will enable 
us to calculate a longer distance, we must measure the dis- 
tance between the two points on our chart, and dividing this 
number of inches and decimals by the distance as calculated, 
we shall get the true scale. 

It is well to indicate the two stations from which the scale 
is derived, by drawing a red line between them, and writing, 
either against it, or elsewhere on the chart, the calculated dis- 
tance and bearing. If a long distance, this last should be the 
Mercatorial bearing. 

In the case of extended surveys, or when there is no regular 
triangulation, the scale will depend upon the distance obtained 
between two stations by astronomical observations. This 
distance being calculated, the scale will be obtained as 
before. 

The soundings in the chart sent home should be as thick as Soimdiikgi 
possible, without sacrificing legibility. There is always a*****^ 
great temptation to thin them out, so. as to look better; but 
that is the work of the Office, and will probably have to be 
done again there in any case, as the scale on which the chart 
is published is usually smaller than that on which it is con 
structed, and if so, will not permit all soundings in the original 
to appear. 

The natural scale, or the proportion which our chart lineally VatuzAl 
bears to the actual size of the portion of the globe it repre- **^ 
sents, is obtained by dividing the number of inches corre- 
sponding to one mile on our chart, obtained as above, by the ^ 
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number of inches in the nautical mile at the latitude. It is 
given in the form of a fraction, whose numerator is one. 

Thus, supposing our scale is found to be 1*8 inches to a 
mile, in latitude 3^ we divide 72552 (the number of inches in 
a mile) by 1*8. 

This gives ,^^^^ as the natural scale. 
^ 40306 

This natural scale should be noted on all sheets that are 
not graduated. 

When the chart includes a considerable extent of coast-line 
that is intended to form part of a navigational sheet, it will 
have eventually to be redrawn on Mercator's projection, as it 
is on that projection all charts are published. 

To do this, the sheet must be graduated, i.e, have the 
meridians and parallels placed upon it, as it is by means of 
them that a chart on one projection is redrawn on another. 



GBADUATION OF THE SHEET. 

Onomonie We have before said that a chart constructed by drawing 

jmnoon. j^^^ Imes from one object to another, when graduated, has to 

be considered as being on the Gnomonic projection, and the 

general features of this projection have been explained.* It 

now remains to consider how to graduate such a chart. 

A sheet may be graduated either before or after the chart 
is drawn on it. The methods are substantially the same, and 
will differ only in some preparatory work necessary in the 
latter case. 

We will first consider the case of graduation after the chart 
is complete, and to do this we must suppose our observations 
to be obtained, and that we know the latitudes and longitudes 
of two stations on our chart as far apart as possible, in oppo- 
site comers of the chart. 

We require, first of all, the reciprocal bearings of each from 
the other, and the distance between them. 

• Page 82. 
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In Fig. 42 let A and B be two stations whose latitudes and 
longitudes we have obtained ; P is the pole. Calculate by 
spherical trigonometiy the bearing of each from the other. 




We have PB, PA the co-latitudes, and BPA the diflf. 
longitude. P B A and BAP are the angles required. The 
latter subtracted from 180° will give us B A Q, and the differ- 
ence between P B A tmd B A Q is the convergency. Find 
also the distance A B, to get the scale. 




Now in Fig. 43 let A B be these same stations plotted on 
our chart. Required to graduate it. 
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Join A B, and from A and B lay oflF (by chords) the reci- 
procal bearings of one another, ascertained as above, as AN, 
B M, which will be meridians passing through those points. 

From A and B measure, on the meridians, AH, BE, the 
distance, according to scale, to the nearest even minute of 
latitude (as 1', 5', 10', &c., as convenient). 

At H and E lay oflf short perpendiculars to the meridians, 
and on these measure the distances H C, E D, the lengths of 
departure, according to scale, to the nearest even minutes of 
longitude that may be convenient. 

In high latitudes and large scales, if the even meridian 
required is many miles distant, error will be introduced by 
this latter operation. It will only be correct for short dis- 
tances, as the curve of the parallel; on which we ought to 
measure this departure, will not coincide with the perpen- 
dicular to the meridian for more than a mile or two in such 
a case. 

We have now C and D, two stations on even meridians and 
jeven parallels, which we shall take as our points for gradua- 
tion. This is exactly the case when we wish to graduate the 
sheet first, so that henceforward the methods are identical. 
In the case of after-graduation, when these even points have 
been obtained, we can rub out on our chart all lines already 
ruled, to prevent confusion, and we will take a new figure for 
the similar purpose of facilitating comprehension. 

In Fig. 44, let C and D be the positions for graduation. 
Calculate spherically, as before, the bearings of C and D from 
one another, and lay oflf the meridians C N, D M. 

From C and D lay oflf the perpendiculars C H, D F, and 
from these perpendiculars lay oflf, on the side of the pole, half 
the convergency calculated for the difference of longitude in 
the latitude of C and D respectively, as C 11, D 5, cutting 
the opposite meridians respectively in J and G. Then J will 
be on the same parallel as C, and G as D, and J D, G, 
should be equal.* 



• See Appendix B. 
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To get the central meridian of the chart, bisect JC and 
D G in A and B, and join them. 

Then J G joined should intersect D in the central meri- 
dian. This is a capital check for our correctness so far. 

FI6.44. 




To get other meridians, divide J C and D G as many times 
as there are meridians required, and join them, as S, P T, 
QV, &c. 

T 
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To get the parallels, which it will be remembered are 
' curves, divide the half convergency chord, already measured, 
into as many parts as we have meridians. 

In our figure we want five meridians from D to G, therefore 
we divide the chord into five parts, as 1, 2, 3, 4. Draw a small 
portion of D 4, cutting E W in Z. Z will then be the position 
on E W of the parallel of D G. By similarly drawing D 3 to 
cut Q V in E, D 2 to cut P T in H, and D 1 to cut S in F, 
we obtain a series of points on the meridians, which, con- 
nected together, will form the curve of the parallel DG 
required. In high latitudes we want more meridians, to draw 
the curve exactly, than in low, and we must therefore be 
guided by circumstances as to the number of them. 
Similarly, we obtain the curve of the parallel J C. 
To draw more parallels, divide each meridian between the 
parallels obtained into as many parts required, and join 
them. 

This process demands considerable care and accuracy in 
drawing every line, and should be checked wherever prac- 
ticable. 

The margin of the chart is marked by subdividing the 
distance between each parallel or degree to the unit 
required. 

There are other ways of drawing this graduation, all founded 
on the same principle. As this is, in the writer's opinion, the 
best of them, it is here given. 
Xemoir of Finally, every original chart must have a memoir written 
tii^ on it, giving a brief description of how the chart has been 
constructed, the base used, observations for latitude and lon- 
gitude, &c. &c., enabling the authorities at home to put the 
proper value on the work. 
Tranifer- It is scarcely necessary to describe the construction of a 
SS^tort Mercator's Chart, as every naval officer learns it as part of 
Projeetion. his education. 

To redraw a survey oq Mercator's projection, similar meri- 
dians and parallels must be drawn on both charts, and enough 
of them to make the parallelograms formed by them smaU 
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enough to reduce the discrepancy between the shape of ttny 
parallelograms on either chart to as little as possible. The 
soundings, coast-line, &c., in each parallelogram of the gno- 
monic chart are then transferred to the same parallelogram 
of the Mercator, by the latitude and longitude of each 
detail. 



T 2 
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CHAPTER XVIII. 

DEEP-SEA SOUNDINGS. 

TreatiiM THIS subject haa been well and fully treated by Staff-Corn- 

jert. mander Davis, and Capt. Shortland. A variety of papers have 

also been written on the subject, notably one by Mr. Buchttnan 

in February 1881, who writes with the unparalleled advantage 

of having been in the ' Challenger ' Expedition.* 

We could not therefore, even if it were desired, add any- 
thing to the experience of the above-mentioned officers, and 
what we shall give will be merely the gist of their more 
exhaustive experiments, and will be confined to a description 
of the practical operation of "taking a sounding" with a 
hempen line, without minutely discussing the different instru- 
ments which can be made use of, or touching on the question 
of dredging or temperatures. 
Wire. Wire is now being supplied to surveying vessels in the 

shape of the Lucas machine; but as we personally know 
nothing of this, we cannot say anything about it. As all 
wire requires special fittings, it is not probable that the 
hempen line will be entirely superseded. 
Sifionl* In deep-sea sounding there are, or we may say we^e, two 
*"*• main difficulties to overcome. To tell when the lead got to 

the bottom, and to devise some means by which the scend of 
the ship would not carry away the line, on heaving up. 

Both of these difficulties are now of the past, but the 



♦ Notes on Deep Sea Sounding: Staff Comr. Davis, II.N. Sounding 
Voyage of H.M.S. * Hydra :' Capt. Shortland, R.N. Paper in Journal of 
Society of Arts, March 1881. 
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operation of deep-sea sounding is, and always must be, one 
demanding great care and attention. 

A general description of a deep-sea cast is perhaps the best Ctoeral 
way to explain the system. tion of a 

The line is led from the reel (placed in a convenient position Sfy^^ 
at one end of the ship) through leading blocks^ to a block on 
the main or foreyard. This block is suspended by means of a 
number of strips of india-rubber, called " Accumulators." 

The sinker used is in the form of separate iron weights, 
built up round a rod, which detach on reaching the bottom, 
leaving only the rod for the line to bring up. 

The time occupied by each 100 fathoms in running out, as 
the lead descends, is taken. When, as frequently happens, 
the actual striking of the lead is not indicated by any well- 
marked check in the line, the intervals will enable us to know 
when it has occurred. For, as long as the lead is falling, the 
time occupied by each successive 100 fathoms will gradually 
increase, by reason of the friction constantly becoming greater 
as the line out becomes longer ; but when the lead reaches 
the bottom, the rate of running out of the line will be found 
to be suddenly slower and then remain uniform, being due 
to the drift of the ship and the weight of the line only. 

In heaving up, as the ship scends, the india-rubber 
accumulators will, by stretching, prevent any jerking or 
sudden straining of the line. 

Let us consider these points in detail. 

The line, of the best Italian hemp, has been supplied of Sounding 
two sizes. No. 1 and Medium ; but the issue of the latter is ^*"^*' 
now rare, and the larger one-inch line is usually employed. 

The line is supplied on reels holding 1000 fathoms each. 
The reels are fitted with steel axles, and by erecting uprights 
with proper bearings on them, can be used without shifting 
the lines. This entails bends at every 1000 fathoms, but in an 
ordinary cruise it is the best method. If fitting for a regular 
sounding expedition, it will be better to have a large deck reel 
which will hold 3000 fathoms ; but this is an awkward object 
to stow away in a small shij). 
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Aoonmiila* The accumulators are solid cylindrical strips of vulcanised 
"* india-rubber, with an eye formed at either end, are of |-in« 

diameter and 3 feet in length, capable of being stretched to 
about six times their length, and of bearing a weight of about 
65 lbs. In practice, we should not use more than S-feet stretch 
and 40 or 50 lbs. strain. 

This is accomplished by combining a number of accumu- 
lators. About thirty of these, their ends lashed together, and 
prevented from fouling or twisting by being passed through 
holes in two circular boards, are used to suspend the block at 
the yard-arm. The breaking strain of the sounding line will 
then be reached before the accumulators have got to the limit 
of their elasticity. 

A rope must also be made fast to the sounding block, and 
led through a leading block on the yard, so that the weight 
of the block can be taken on this, and the accimiulators thrown 
out of gear, so to speak, when necessary, 
tinkwn. The sinkers are cylindrical iron drums of 50 lbs. each. These 
have a hole in the centre, and are fitted with two depressions 
on one flat surface, and two corresponding knobs on the other, 
so that a number of them can be built up, one on the other, to 
the required aggregate weight, the knobs on one fitting into 
the depressions on the other, and so preventing slipping. 
Sodi. The rods in use are Brooke's, the Hydra, and Baillie's. 

They differ in size, and in the mode of detaching the 
weights. 

Brooke's rod, the first sounding machine, is the lightest and 
simplest, detaching by means of a tumbler. It has fallen 
into disrepute from the fact of its disengaging at once' on 
striking, and bringing up a veiy small specimen of the 
bottom. It has the advantage, however, of being very easily 
made on board, in case of loss of other machines. 

The " Hydra," invented by the blacksmith of that ship, 
is more complicated, and disengages by means of a spring. 

Butterfly valves are fitted at the bottom of the lower section, 
with the intention of retaining the specimen of the bottom 
which has entered by the penetration of the rod on striking. 
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It is better, however, to remove these valves, as they do more 
harm by preventing the free admission of the mud, than good 
in retaining it. The diameter of the tube being small, the 
mud has ordinarily sufficient cohesion to remain in of itself. 

The Baillie tube used in the 'Challenger' expedition is 
much larger, and disengages by a movable shoulder. Here 
valves are necessary, on account of the increased diameter. 

Whatever rod is used, the slinging of the weights is accom- 
plished in the same manner. 

Under the bottom sinker is placed a flat iron ring, into holes *^J*5?* 
on either side of which the ends of a piece of stout wire are 
twisted. This wire carries the weights, and is of such a length 
that when held up, the bight will be sufficiently above the . 
upper sinker to pennit the proper length of rod to project 
below the lower sinker. 

The rod is passed through the holes in the sinkers, and the 
bight of the wire is hooked to the detaching apparatus on the 
upper part of the rod. When the weights are lifted by 
touching tlie bottom, the bight of the wire is thrown off, and 
the rod is then clear to return, leaving the weights at the 
bottom. 

In the " Hydra " and " Baillie " the rod is forced into the 
bottom, until the lowest weight touches it. 

Care has therefore to be taken in adjusting the length of 
tlie wire, that the lower part of the rod does not project too 
far through the weights, or when the bottom is stifle, or the 
weight is descending very slowly, the rod may not penetrate 
sufficiently to lift the weights, and they Toay not in such a 
case detach. 

Sounding is carried on either from the fore or main yards. 

The fore yard has the advantage of being at the extremity Use of Pop© 
of the ship, and it is perhaps easier to keep the latter in the y^y^ 
right position with regard to the line, when sounding from 
forward. 

If the main yard is used, the officer superintending is close 
to the engine telegraph, and the spot is clear of the men con- 
gregated in the fore part of the ship. Our opinion is that. 
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with a small ship, it is better to sound from forward, but that 
in a larger one, the main yard will be found most convenient. 

In a regulaxly fitted surveying vessel, a platform v;ill be 
built, projecting from the ship's side under the yard to be 
used, on which the machine is prepared for launching, and 
from which the officer can closely watch his line. 
LettiiLggo. Lowering the apparatus into the water, and letting go, are 
ticklish operations, and have to be performed tenderly. 

The weights detach so easily with any jerk, that every care 
has to be taken. 

The rope fast to the sounding block must be hauled taut, as 
if we lower with the accumulators in action, their elasticity 
will very soon jerk the weights free. 

Before lifting the machine, stop the spring, if it is a Hydra, 
or the tumbler, if Brooke's, and then heave up on the line, get 
the machine over the side ready for lowering, and cut the 
stops. 

There are two methods of lowering ; either by means of the 
steam winch, or by a number of men walking back with tlie 
line. If the winch will work smoothly, and there is no 
surging on the barrel, it is simplest to use it, easing down to 
100 fathoms or so, and then throwing the line off. Otherwise 
walking back is very good. When 100 fathoms or more are 
under water, let the men increase their pace, and after due 
warning, let go. 

The line cannot be eased round a cleat. It is sure to jerk 
the weights off. 

After letting go, ease up the rope holding the block, and let 

the accumulators come into action. 

Taking The time of running out is carefully taken by a watch ; the 

'^^^' minute and seconds of each 100-fathom mark touching the 

water, or passing some definite mark, is noted in the ruled 

form supplied for the purpose.* 

When there is no current, a smooth sea, and the ship has 
been kept well over the line, the check when the weight 
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reaches the bottom at 2000, or even a greater number of 
fathoms* depth, will be clearly seen by eye, but under less 
favourable circumstances this will be impossible. 

Failure to keep the ship in her right position, steaming up 
to the line, lurching and scending, will prevent any steady 
running out of the line, and it will be only by the diminution 
of the rate, as shown by the interval elapsed between the 100- 
fathom marks passing out, that we can be sure the weights 
are down. 

Thus we may be forced to allow many more fathoms of line 
to run out than would be otherwise necessary, before we can 
ascertain this, and it is well worth making sure of, as, if we 
heave up with the weights still on, the chances are greatly in 
favour of the line canying away. , 

Heaving in requires a careful man, and should be done HeftTing 
very quietly and slowly at first. The accumulators will 
stretch as soon as the line is held, and in a few seconds 
such a strain will be apparent, even if the weights are 
detached, as will demand very careful handling, the weight 
of the line itself, and the friction set up in hauling it through 
the water, being almost as much as the strength of the line 
will bear. 

During sounding, the ship will be kept so that the line is FMiUon 
as nearly up and down as may be, slightly drawing to wind- ®'®^P* 
ward if anything. The wind must be kept a trifle on the 
weather bow, so as to prevent the chance of the ship drifting 
down on the line, when the latter, chafing against the bottom, 
will very probably be cut by barnacles, or the edge of a sheet 
of copper. It will be evident that the greatest care will be 
necessary on this point, and the ship will require to be very 
sharply watched, and all movement in the wrong direction 
coimteracted by a turn of the screw, aided by the helm, and 
possibly now and then the spanker. 

In a very strong current, with the wind in the opposite 
direction, the ship will be very often difficult to manage. 

In a current, under any circumstances, the ship will be, at Snr&oe 
tlie end of the sounding, far from being vertically over the ^""*^^ 
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lead. The latter, when first let go, will, as long as it is in 
the influence of the current, descend perpendicularly under 
the ship, being carried Horizontally in the same direction as 
she is ; but as soon as it passes into still water, it will go on 
falling in a true vertical line, while the ship will still be 
drifted away. 

The upper portion of the line, being acted on also by the 
current and therefore drifting with the ship, will not permit 
the latter to steam up so as to remain vertically over the 
lead, or the line would be fouled ; nor indeed is there any- 
thing to indicate that there is a current while the line is 
running out. 

When, however, the line is held to haul in, the current will 
soon be apparent. The line will at once draw away from the 
ship, and the first thing to look out for is to see that it does 
not do so under the bottom* As generally in a strong current, 
in open ocean, the wind blows in the same direction as the 
former runs, this is happily not often the case, and it more 
usually stretches ahead, or on the weather bow. 

As the amoimt of the current is an important factor in 
reducing the depth attained, as will presently be seen, it is 
very desirable to use all endeavours to ascertain its rate. 
AfloartaiiL This is very difficult in the open sea, other than by the 
Mttt, ^" difference of the astronomical observations and dead reckon- 
ing. K a boat can be lowered and moored to the line, it 
can be ascertained by a large log-ship ; but this requires a 
smooth sea, or the line may very likely be carried away, or 
the boat swamped. For the latter reason the boat must be 
large. 

An approximation may be made when heaving in, by 

steaming slowly up in the direction of the line, keeping this 

at the same angle with regard to the surface of the sea, and 

heaving the log. 

xifeot of l^t us now consider the effect of a surface current upon the 

Current depth of a sounding. 

The sounding selected as an illustration is an actual cast 
taken in the Gulf Stream. 
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Sounding by H.M.S. " Gannet," July 4th, 1868. 



Machine 
Line .. 
Weight 
Wind 
Sea .. 



Brooke's Rod. 
Medium. 
224 lbs. 
Light W.8.W. 
Quiet 



Bottom .. Soft ooze. 
Current .. l*5knts. 
Lat. 42° 22' N 
Long. 57° 16' W. 



FB». 


Time. 


Interval. 


andDur. 


Remerkfl. 




h. m. 8. 


m. 8. 


seca. 




100 


4 57 11 






Let go at 100 fathoms. 


200 


68 00 


49 






300 


68 53 


53 


+ 4 




400 


59 50 


57 


4 




600 


5 00 56 


1 06 


9 




600 


2 03 


07 


1 




700 


3 15 


12 


5 




800 


4 35 


20 


8 




900 


5 52 


17 


- 3 




1000 


7 18 


26 


+ 9 




1100 


8 46 


27 


1 




1200 


10 18 


31 


4 




1300 


11 55 


37 


6 




1400 


13 31 


36 


- 1 




1500 


15 18 


47 


+ 11 




1600 


17 02 


44 


- 3 




1700 


18 47 


45 


+ 1 




1800 


20 34 


47 


2 




1900 


22 09 


35 


-12 


Steaming. 


2000 


23 52 


43 


+ 8 




2100 


25 41 


49 


6 




2200 


27 36 


55 


6 




2300 


29 33 


57 


2 




2400 


31 31 


68 


1 


Steaming. 


2500 


33 38 


2 07 


9 




2600 


35 30 


1 52 


-15 




2700 


37 36 


2 06 


+ 14 




2800 


40 07 


27 


21 


Steaming. 


2900 


42 17 


14 


-13 




3000 


44 23 


06 


8 




3100 


46 30 


07 


+ 1 




3200 


48 55 


25 


18 




3300 


52 01 


3 06 


41 




3400 


64 49 


2 48 


-18 




3480 


68 40 


3 51 




Odd number of fathoms 


3580 


6 02 53 


4 13 


+ 85 


caused by bending new 


3680 


07 28 


35 


22 


and incomplete line here. 


3780 


11 40 


12 


-23 


Bottom wimewhere here. 


3880 


15 69 


19 


+ 07 


Checked the line. 
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The current, by astronomical observations, was found to be 
1'7 knots. By the log, when heaving up, it was 1'3 knots. 
The mean of these was therefore assumed, which gave a 
drift in the minute of 25 fathoms. 

As the line was eased down to 100 fathoms before letting 
go, we have the first interval at 200 fathoms. 

The lead will be pretty well out of the influence of the 
current before letting go, and will go on descending vertically 
while the ship drifts away. 

At the end of ten minutes, when 1000 fathoms of line were 
out, the ship had drifted 250 fathoms. If we protract this, as 
in the Figure 45, we shaU find that the lead was only at 930 
fathoms depth. 

When the 2000-fathom mark passed out, 16^ minutes had 
elapsed, and the ship had drifted 660 fathoms. The lead was 
only at 1700 fathoms. 

At 3000 fathoms the ship was 1200 fathoms from her " Let 
go " position, and the lead was 2300 fathoms down. 

At 3480 fathoms, where the intervals suddenly increase, 
the ship had reached 1540 fathoms, and the lead was 2600 
fathoms from the surface, presumably the bottom. 

We, however, still let the line run out, and at 3880 held 
it, by which time the ship had got 2000 fathoms from her 
original position. This also gave us the same depth of 2600. 

This result was of course very satisfactory, as- it proved that 
we had arrived at the right amount of drift. 

This is a very good instance of the amount of error which 

crept in before allowances of the kind were made, and fuUy 

accounts for the stupendous depths reported in the early days 

of deep-sea sounding. 

Curve wa- The curve of the line is purely arbitrary, but is founded on 

ooMtnw^ the consideration of facts observed imder similar circumstances, 

^^ and cannot be far from the truth. Any slight deviation will 

not have a great effect on the result. 

The error, owing to the drift of surface current, will increase 
in a much larger proportion than the variation in the rate of 
the current. 
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Thus, taking our example, and supposing the current to 
have been one-third, or half an knot an hour, when 2000 
fathoms of line were out, the lead would have been at 1950 



FIG.45. 




B^rttom 



fathoms, only 50 fathoms less than the full length. At 3000 
fathoms it would be only 130 fathoms short. 

It results, then, that in the majority of deep-sea soundings 
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EfBMtof 

Under- 

Onrrtat* 



the correction owing to current will be small, as it is only in 
certain localities where ocean water is in motion at a speed 
over half a knot. 

The error due to imder-currents will be almost nil. 
The lead, on entering the under-current, will be carried 
away by it, as long as it is passing through it. It will then 
resume its vertical direction, and a small "sagg*' in the line 
will be the only record of the motion, for, the line being as it 
were held at both ends by the tension, the bight will never 
become large. This is of course on the supposition that the 
under-current is only of a certain depth, and does not extend 
to the bottom. 

FIG.46. 



400- 



1200- 



t99L Smjuee 




Fig. 46 shows this case. 

Even supposing that it does assume this unlikely form, and 
should be moving at the almost impossible speed of one knot, 
the error will be but small. 
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Assuming that below 1000 fathoms depth the water is all 
moving at the rate of a knot, when 3000 fathoms are out 
the lead will be more than 2900 fathoms from the surface, 
which we cannot consider a great error, as all soundings at 
these depths made with line must only be accepted as 
approximate. 

After every soimding, the line must be carefully dried, Cwe of 
before reeling up. Neglect of this will certainly end in 
rotting at some point, and it must be remembered that the 
line is no stronger than its weakest point. 
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CHAPTER XIX. 

MISCELLANEOUS. 

Distortion of Printed Charts — Observations on Under-Currents — Exploring 
a River — Swinging Ship. 

IMitortioii In printing charts from an engraved plate, the paper has to 
^Jy^ be damped. This results in distortion on the sheet drying, 
and angles laid off on a published sheet will never be found 
to agree exactly, especially if the sheet is large. This must 
always be borne in mind, in trying angles on a published chart. 
For this reason, when a published plan is to be examined, 
a " dry proof " is supplied to the surveyor from the Admiralty. 
This is an impression " pulled," as it is termed, on to a dry 
sheet. It is much fainter than a damp-pulled copy, and 
would not do for ordinary use ; but being an exact facsimile of 
the copper plate, all angles, bearings, &c., should agree pre- 
cisely, if the original survey is correct. 

This fact of the distortion of published charts is not gene- 
rally known, and many reports of so-called inaccuracies have 
been made in ignorance of it. The amount of it varies with 
the goodness of the papet, and the trouble bestowed by the 
printer in damping his paper uniformly. It is a fact much 
to be deplored, and the man who invents a means of obviating 
it, will bestow a great boon on cartography. 

OBSEBVATIOIIB ON U ^ DEB-CUBBSNTS. 

Though not in the ordinary run of surveying operations, a 
slight description of the method of discovering the direction 
and approximate rate of under-currents may be useful. 
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To ascertain these satisfactorily, special gear is necessary. 

The general principle is to expose a large surface to the Ocoeral 
action of the under-current, and to support this in the water "^*' 
by a floating buoy which will present as small a surface as 
possible to the action of the surface stream. 

The experiments must be carried on from boats, and there- 
fore the gear must be as light as possible, for easy handling. 

A series of observations on the under-currents in the Bos- 
porus and Dardanelles resulted in the author's adopting the 
following :* — 

A light, flat wooden board, 6 feet square, with a wing Apparatiw 
2 feet in length, at right angles to the rest of the frame, was ^ 
used as the submerged drag. (See Sketch, Fig. 47.) 

To the extremities of the wing the sling a a, was made fast, 
and to this sling the supporting line to the buoy was bent, 
at such a point as kept the surface of the drag vertical when 
the strain came on. 

It weighed 70 lbs. in air, and took 120 lbs. of lead to sink 
it satisfactorily. These leads were made fast with a little 
drift, and another line, c, was bent, both to them and to the 
lifting sling, h b, so that the weight of the leads could be 
taken off the drag, when pulled up to the surface, before 
finally hoisting it in to the boat. 

An iron buoy, 1 foot in diameter and 5 feet long, supported 
this structure weU when the surface current was not very 
strong, and only presented an area of less than one square foot 
to pull through the water. 

When the surface current was swift, other buoys had to be 
added, attached in line to the upper end of the first, for under 
these circumstances the single buoy was dragged under water, 
and its motion coiQd not be followed. Several disappeared in 
this way, some to reappear when the apparatus got into 
slacker water, some for good and all. 

To ascertain the movement of the floating buoy, and there- 
fore the direction in which the drag was carried by the under- 



* Observation of Currents in Dardanelles and Bosporus. 

U 
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current, a " fix " was taken to shore objects, and plotted on a Xethod of 
large scale sheet of points, when the drag waa let go free from 2J?5Ste " 
the boat. Subsequent fixes and times taken enabled the «* Wr«o- 
course and distance of the buoy in the intervals to be re- ^ 
corded on this sheet. 

A small buoy, weighted so as to float awash, put into the Snr&oe 
water at the same spot and time, and followed by another ^^*"^*^ 
boat, afforded means of ascertaining the surface current. 

This arrangement worked very satisfactorily altogether, but : 
there are several defects in it. 

The depth of the submerged drag will not be the length of 
the line allowed, but some unknown quantity less, as will be 
seen by accompanying sketch. 



FIQ. 48. 




This must be estimated. 

The force expended in dragging the buoy through the 
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than true 
Bate. 
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Tempera- 
ture and 
Beniity. 



surface water, and overcoming the friction of the suspending 
line, is also an unknown quantity, but will always have the 
effect of retarding the motion of the submerged drag. The 
rate therefore recorded, by the movement of the surface buoy, 
will always be Uss than the true rate of the under-current 

Several instrument makers now turn out " Current Meters " 
of various forms. Doubtless these could be, with a little 
ingenuity, adapted to sea work, at least to show the true raXe 
of an under-current. 

We do not imagine that the apparatus described above may 
not be much improved upon, but we give it as a starting- 
point for any officer employed in future investigations of a 
similar character. 

The observations are made more complete by ascertaining 
the temperature and density of the water, at the depths ex- 
perimented on. 



Hnnnin^ 
Snrrey. 



EXPIiORnfG A BIVEB. 

Narrow rivers, navigable for boats, will generally be suffi- 
ciently laid down on a marine chart by a sketch survey, made 
from the boat (a steam pinnace, if possible), while passing up 
and down. Patent log and compass will be the instruments 
mainly used for putting down the direction and length of each 
reach ; though if we have objects that we can use for a sextant 
fix, we shall of course use them in preference, at any rate 
from time to time. We must endeavour in every case to get 
a good fix at our furthest point, and the course of the river, 
as mapped by patent log and compass, will then be squared 
in on that, and the fixed points at the entrance and any other 
fixes we may have got. Any elevated points near, which we 
can ascend and fix, and from them get angles to bends and 
reaches of the river, will much assist us, especially when, 
which is so often the case, the river is thickly lined with trees 
and jimgle. 

The patent log will be fitted, as already described, with the 
dial on the gunwale and the fan towing astern. Theodolite 
legs standing in the stern-sheets make an excellent stand for 
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a prismatic compass, and enable us to get a better bearing 
than by holding it in the hand. 

It is in rounding the bends that the greatest error in- map- 
ping a river is introduced, as the distance run over while 
gradually altering course must be estimated by eye, which 
requires considerable experience at judging distances. 

Current must be taken into consideration, and may becurront 
obtained, if time allows, by anchoring the boat for half an 
hour, and reading the patent log. 

In a river where the tide extends some distance up, and 
where the land is low and jungly, as in so many mangrove 
rivers, our difficulties are much increased, as the velocity of 
the current will be constantly varying, and we cannot hope 
to obtain any sextant fixes to check our position. In cases of 
this kind, if it is desired to have any degree of accuracy in 
the sketch, the only way is to run over the work again, 
making an independent map, and squaring in afterwards a 
mean of the two. 

It is best always to plot as we go. Mistakes are thus ren- Plotting 
dered less likely, and the vexed question of the bends can best ^ ^*** 
be solved by placing their shape on the paper at once. We 
can also look at our work on the way down again, and correct 
little inaccuracies more readily. 

If it is desired to make a large scale plan of a river of Survey on 
greater width, the best method is to employ several boats at g^aie!' 
once, four if possible, which will triangulate their way up, 
two on either side. Starting from two fixed points at the 
mouth of the river, two boats will remain there while the 
other two go up to convenient positions, whence they can see 
the boats remaining at the first points. Angles will then be 
taken from all, to everything conspicuous, and to one another, 
and the lower boats will, leaving marks at their old stations, 
move up to two new positions above the other boats, when 
the angles will be repeated, and so on, the lower boats moving 
on each time. 

The shore line can either be sketched by the boats as they 
go up, or done afterwards more correctly when the marks are 
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all up and fixed. Soundings, in the same way, can either be 
taken from the boats as they move from station to station, in 
which case they would cross over each time so as to get a 
diagonal line across the channel, or can be more regularly taken 
afterwards, as the circumstances of the case may require. 

Everything must be plotted afterwards, and communication 
between the boats as they pass one another, when names can 
be given and objects pointed out for mutual observation, will 
greatly facilitate the comprehension of one another's angles, 
when putting down the points. 

BwrNraiEra ship. 

Though the compass is but little employed in surveying, it 
is occasionally unavoidably brought into use. 

Correct resiQts for variations obtained by observations at 
sea, can only be deduced from accurate tables of deviation. 

As deviation varies, with time and latitude, it must be con- 
stantly ascertained by swinging ship. 

The methods in use in swinging ship are well known, but 
perhaps a repetition may not be thrown away. 

They are two in number. 

One, by observing the compass-bearing of a distant object 
whose true magnetic bearing is known. 

The other, by reciprocal bearings of the compass on board, 
and another on shore. 
By diftaat The first is the best and simplest when the magnetic bearing 
Object. Qf ^^ distant object can be well determined. 

The object should be, at the least, six miles distant, and 
the more the better. 

Its bearing can be obtained from observations on shore, from 
a spot in line with the ship, with the same card as is to be 
used in swinging, or by true bearing with known variation 
applied. 

Objects for this purpose are sometimes indicated on the 
charts or in the sailing directions, and the bearings given. 

The deviation, for each position of ship's head, is then the 
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difference between this fixed magnetic bearing, and the ob- 
served bearing by compass. 

The ship can either be hauled round with hawsers, at anchor, 
or, if the object be far enough off, can be steamed roimd a 
circle small enough to make no difference in the bearing. 

If steamed round, it is well to repeat the operation, turning 
in the opposite direction, as the compass may partake of the 
swing of the ship, which will introduce error. The mean of 
the two will then be the bearing to use. 

The second method is perhaps the one generally employed, Byxedpro- 
and is very convenient with a theodolite at hand. Saf*" 

An ofiBcer is landed with azimuth compass and theodolite. 

He obtains the bearing with the compass of some well- 
defined object, and setting up his theodoUte, takes it for his 
zero. 

In arranging the theodoUte on zero, it saves calculation to 
point the degree and minute of the magnetic bearing to the 
zero instead of 360^ Thus, if the zero bears by compass 
S. 44** 20' E., and the ship is going to steam roimd to the 
westward of the station, set the vernier to 315° 40'. The 
angles read to the ship will then be the angle west of the 
magnetic south. 

A flag on a long staff is held behind the theodolite, when 
all is ready. 

The ship, under steam, and with a flag placed exactly over 
the standard compass, steams slowly round, hoisting a large 
flag dose up to the mast-head just before the ship's head comes 
to each point, which is dipped at the moment of observation, 
when the bearing of the shore station is taken. 

The flag on shore is dipped, to show that the angle of the 
flag over the compass has been obtained by the theodolite, and 
is again shown as a response, when the flag is mast-headed for 
the next observation. 

The time of each observation is taken by previously com- 
pared watches. 

In this case, too, the ship shoidd be swung in the opposite 
direction, if it is deemed necessaiy. 
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The difference of the reciprocal bearings is the deviation at 
each observation. 

If more than one observation at any or all points has been 
obtamed, the results are meaned for the accepted deviation. 

It is usual to observe at every point of the compass, for the 
ship's head, but in some vessels it may be necessary to sub- 
divide this. 

Valuable results for Variation may be deduced from the ▼uUtbii 
ordinary swinging of a ship, if carefully carried out, by noting awingiag. 
on the Deviation form the True Bearing used if swinging by 
distant object; the Variation allowed if taking the Sun as 
the object, as is done at sea; and True Bearing of Zero and 
Variaiion allowed if using reciprocal bearings. 

The Hydrographic Ofi&cers are very glad of any information 
of this kind. 

The readiest way of examining the results of our observa- 
tions is by use of the Graphic method. (Fig. 49.) 

Drawing a long line, measure off equal parts along it, for 
the points of ship's head, and at each point on this normal 
lay off, at right angles, a line equal to the degrees and minutes 
of the deviation, on any scale we choose — easterly deviation 
to the right, westerly to the left of the normal. 

lines drawn through the extremities of these abscissae will 
denote the curve of deviation observed. 

By the irregularities of this curve, we can judge of the 
correctness of the observations very fairly ; and for our final 
table of deviation, we can draw a mean curve, if there are 
many irregularities, and measure to that for the amount of 
deviation for each point. 
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A.— To prove that Tan Convergency=Tan Dep. . Tan Mid, Lat, 
FIG 55. 




Here C is the centre of the earth, P is the pole, E P, Q P, two meridianB 
a known distance apart. B L, E L, are two tangents to the meridians, at 
the middle latitude known, in the same plane as the meridian, and meeting 
one another and the axis of the earth G P, produced, in L. 

Then BLD is the Gonvergency required, and DLG is the middle 
latitude, and B G D the departure. D G is a radius of the earth = r. 

Now as B D is small, it can be taken as a straight line without sensible 
error. 

We can also assume BLD and B G D to be right-angled triangles. 

Then BD = DL x Tan BLD. 

Similarly B D = r x Tan B G D. 

Equating, we have D L x Tan BLD = r x TanBGD. 

But DL = rxGotDLG; 

.-. rx Cot DLG xTanBLD = r x TanBGD, 

or Tan BLD = Tan BG D x Tan D LG, 

or 'i'an. Gonvergency = Tan dep. x Tan Mid. Lat., 

and when Gonvergency is very small, we can say 
Gonvergency = Dep x Tan Mid Lat. 

Y 
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HYDROGRAPHICAL SURVEYING. 



APP. B. 



B. — In Gradtuiting a Chart on ike Qnomonic Projection, 

To show that the angle of half convergency laid off from the rectangle 
intersects the opposite meridian on the parallel, and also that the further 
subdivisions of the convergency intersect their respective meridians on the 
same parallel. 



FIG 50. 




From K and H, the graduating positions, draw the true bearings, lines 
KP, PG, which are meridians and will meet at P, the pole of the 
projection, making the angle K P C, or the Convergency. 

Make H C = difference of latitude of H and K. Then P C will equal P K. 

Join K C, bisect it in D, and join P D, the central meridian. Lay off 
K G perpendicular to K P. 

Then ^ C K G is the half convergency ; 
ForinAPDK . . . DKP = 90-DPK, 
and as F K P is drawn = 90 ; 

.• DKP = 90-DKF; 

.-. DPK = DKF. 
But D P K = J K P C the convergency ; 

.'. D K F or C K G = J convergency. 

Q. E. D. 



APP. B. APPENDIX. lOl 

Bisect C K G in K N, making GKNorXKZ = l convergency, 

ITien E where K N intersects P F is on the parallel K C, or P E = P K. 

Bisect KPE in PX. 

Now MKZ = KZP + KPZ, 

but M K Z = 90° + i Convergency (by construction) and K P Z = 
i Convergency ;. . 

.-. 90° + i Conv. = K Z P + i Conv. ; 
/. KZP = 90° = PZE, 
and as KPZ = ZPE and PZ is common, the AsKZP & PZE are equal 
and similar ; 

/. PE = PK. 

Q. E. D. 



Y 2 



I 
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HYDROGRAPHICAL SURVEYING. app. c. 



C— 2V) j>rovc Chwd = 2 mcf | Fers. (90 + f ) - 1 1- 



FIG 52. 




Let C A B = ^, the angle whose chortl is required. 
At any radius A C = r, deacribe arc C B. 
Join C B, then C B is Chord required. 
Bisect B C in D and join A D. 



Then P A B = 



6 



Now 



DB= AB, SinDAB 
6 



= r . Sin 



2' 



hutBC = 2 DB; 
/. BC=2r.Sin- 



(«). 



But Versine 



r 1 - CJos 



2' 



.-. Versine ^90 + ^^ = 1 - Cos /'oo + ^^ 
= l-(-Sin0 



= 1 + Sin 



/.Sin| = Ver8(^90+|')-l. 

Substituting this iu (a) we get 

BC = 2r|ver8^90 + ^^ - 1 1. 
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D. — To prove Reduction to the Meridian = — —^ . . 

^ Sin. z Sin. 1" 

FIG 51. 




Let X be a heavenly body near the Meridian, P the pole, Z the Zenith. 
Let Hour Angle Z P X = A, Latitude = 90 - P Z = /, Zenith distance 
XZ = s. Declination = 90 - PX = c?. 

ThenCosZPX = ^^^-^«^^-^^Z 
SinPX.SinPZ ' 

^ - Cos 2 - Sin?. Sin d 

or Cos h = — ; . 

Cos?. Cos <i 

/. Cos z - Sin?. Sin dsr Cos?. Cose?. Cos A 

= Cos?. Cos (?.(!- Vers A) 

= Cos ?. Cos d - Cos ?. Cos <f . Vers A; 

.-.Cos* + Co8?.Cos<?.Ver8 7i = Co8?.Cosrf + Sin?.Sind 

= Cos (? c^ d) 

= 1 - Vere(?cx.rf); 

Vers (? «-^ (0 = 1 - Cos « - Cos ?. Cos rf. Vers h 

= Vers a - Cos ?. Cos. <?. Vers h 

Working with Declination = 90 + PX, we shall get 

Vers (? + c?) = Vers « - Cos ?.Cos d. Vers h 

But ? c^ «? or ? + c? is the Meridian Zenith Distance = Z. 

Then Vers Z = Vers « - Cos ?. Cos d. Vers h 

- CosZ.Cosc? VersA = VersZ - Ver 2 

= 1 - CosZ- 1 + Cos« 

= CoB»- CoaZ 

2 4- Z 

but 2 and Z are nearly alike, so — - — may be taken = Z, 

2 

2 — Z 
and2 - Zis very small .-.2 Sin -^^ may be taken = (2 - Z) Sin 1"; 

.-. Cos ? . Cos c? . Vers A = Sin 2 . (2 - Z) Sm 1", 

„ ^ Cos ? . Cos d Vers h 

or 2 - Z = Cos = — — •- , 

Sin 2 Sin 1'" 

but 2 - Z is the Eeduction to the Meridian ; 

•, , ^. , - - Cos ? . Cos d Vers h 

,\ Reduction to Mer. = — — -. 

bm 2 bm 1" 
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HYDROGRAPHICAL SURVEYING. 



APP. E. 



E. — To show that the Distance of Horizon in English Miles 



= ^/ 



— height in feet. 



nC53. 




Let r be nuUns of earth. 

h height of obeerrer in feet, 
d distance of horizon. 

d» + r» = (A + r)« 

h * being small may be omitted. 
d» = 2Ar; 

but h in Eng. miles is — -. 

and2r „ is 7910; 

5280 
= - A very nearly ; 



This is the distance disregarding refraction, which has the effect of 
increasing the distance of the visible horizon. If having found d as 

above, we subtract - of itself from it, the remainder will be the tnie 
18 

distance in sea miles very nearly, with the effects of refraction taken 
into consideration. 



APP. F. 



APPENDIX, 



305 



F. — To obtain distance from an elevation of a known height 
Mr i -. J? FIG 66. 




h = height in miles. 
J = diffoflevel. 
a = dip. 



d = distanc(!. 

/;= angle of elevation. 



Now /* = Z + a ; 
/. Z = /i — a, 
butZ = d.TanE; 
. A - a = rf . Tan E, 
and A = rf . Tan E + a, 

but a =r ■ 



2r' 



rf« 



/. A = rf Tan E + --, 
2 r 

rf2 + 2drTanE = 2Ar; 

.-. (Z* + (r Tan E)« + 2 rf r Tan E = 2 /* r + (r Tan E)», 

fi + r Tan E = a/ 2 A r + (r Tan E)«, 

rf = A^y 2 Ar + (r Tan E)^ - r Tan E. 
Or taking h in feet, and substituting numerical values for r. 



687(3 
6060 



h + (3438 Tan E)^ - 3438 Tan E. 
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G. — Bcue by Sound, 

To prove that T = r. 

Let d be distance in feet between stations, 
V the velocity of sound, ) in feet per 
X „ of the wind, f second, 

t the observed interval in seconds with the wind, 
ti „ against the wind, 

T the mean interval required. 

ThendsrvT. 

By observation d = vt -^ xt 

and d=:vti ^ xt^ 

Dividing by t and ti we get 

d 

ysrv + a;, 

d 

— =r V — a:. 

Adding, we have 

d d ^ 

7 + 7, = 2., 



2te 
a = v- 



but we have also 

(l = vT, 

and by equating 
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H. — To prove Suie for obtaining Height from Angles of Depression 
of Masthead and Water-line. 



FIG 54. 




Here A is position of theodolite. 

A E =r A =s Height of theodolite above ground. 
M C = a =s Mast of ship. 
B M =s 5 = Height of telescope above masthead. 
CBsscss Height above water-level of lower point observed. 
E H = Height of hill required. 
B A M = B = Depression of masthead. 
B A C =s A = Depression of lower point observed. 
M A G = C =s Difference of depressions. 

Now 6 sr AM. Sin B. 
a. Sin ACM 



ButAMs 



SinMAO 
sa.GosBAC.GosecMAC 
= a. Cos A.GosecC; 
.*.& = a.SinB.Go6 A.GosecG . 
and E H s a + ^ + c - A. 
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HYDROGRAPHICAL SURVEYING, app. i. 



Date 



Form 



Time. 



Ol))ect. 



Angle. 



Object. 



Angle. 



Object. 



Sounding 
at Fix. 
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Soundings after. 
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HYDROGRAPHICAL SURVEYING. 



APP. J. 



Form J. 
Chronometer Comparison Book. 



JnaXm 



Tker. 













ikftn. 


Chrons. 


Time. 


Check. 


Slow on A. 


2QdDlff. 




A 

B 












A 

C 












A 

D 












A 

E 












A 
F 












A 

G 












A 
H 












A 

I 












A 
K 












A 
L 
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Form K. 
Date. 



No. 

Time 

Wind 

Force 

Weather 

8ea 

Line 

Weight 

Kuchioe 



Fms. 



Let go. 

IQO 

200 

306 

4CX) 

500 

600 

700 

800 

900 

1000 

1 100 

1200 

IJOO 

1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 

3300 

3400 
3500 

3600 

3700 
3800 
3900 

4000 



Latitude 
Lougitude 
Barometer 
Temperature Air 

„ 8ea Surface 
Depth 
Bottom 

Surface Current 
Value of Sounding 



Time. 



Interval. 



SndDiir. 



From let 
go. 



Ther. 



No. Temp. 
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HYDROGRAPHICAL SURVEYING. 



APP. L. 



Table L.— r«6/e of Chords of Arcs from 0° to 60°, to facilitate the Pro- 
jection of Angles, Radius = 10. By T. H. Tizard, Navigating Lieut. B.N. 







Parts 




Parts 




Parts 




Parts 




Parts 


Mln. 


00 


for 



1° 


for 


3° 


for 




3° 


for 



4P 


fv 


O 


o" 00000 


0-17453 





©•34905 


052354 


0-69799 





I 


•00291 


5 


•17744 


5 


•35195 


5 


•52644 


5 


•70©8© 


5 


2 


•00582 


10 


•18035 


10 


•35486 


I© 


•52935 


I© 


•7©38© 


10 


3 


•00873 


15 


•18326 


15 


•35777 


15 


•53226 


15 


•70671 


15 


4 


•01 164 


20 


•18617 


20 


•36068 


2© 


•53517 


2© 


• 7©962 


20 


5 


•01455 


25 


•18907 


25 


•36359 


25 


•53808 


25 


•71252 


25 


6 


•01746 


30 


•19198 


30 


•36650 


30 


•54098 


30 


•71543 


30 


7 


•02037 


35 


•19489 


35 


•36941 


35 


•54389 


35 


•71834 


35 


8 


•02328 


39 


•19780 


39 


•37231 


39 


•54680 


39 


•72125 


39 


9 


•02618 


44 


•20070 


44 


•37522 


44 


•54970 


44 


•72415 


44 


lO 


•02908 


49 


•20361 


49 


•37813 


49 


■45261 


49 


•727©6 


49 


II 


0-03199 


53 


o- 2065 2 


53 


©•38104 


53 


©•55552 


53 


©• 72996 


53 


12 


•03490 


58 


•20943 


58 


•38395 


58 


•55843 


58 


•73287 


58 


13 


•03781 


63 


•21234 


63 


•38685 


63 


•56134 


63 


•73578 


63 


14 


•04072 


68 


•21525 


68 


•38976 


68 


•56425 


68 


•73869 


6U 


15 


•04363 


73 


•21816 


73 


•39267 


73 


•56715 


73 


•74159 


73 


16 


•04654 


73 


-22107 


78 


•39558 


78 


•57©©6 


78 


•74450 


7« 


17 


•04945 


82 


•22398 


82 


•39849 


82 


•57297 


82 


•74741 


82 


18 


•05236 


87 


•22689 


87 


.40140 


87 


•57588 


87 


•75032 


87 


19 


•05527 


92 


•22979 


92 


•40430 


92 


•57878 


92 


•75322 


92 


20 


•05818 


97 


•23270 


97 


•40721 


97 


•58169 


97 


•75613 


97 


21 


0^06109 


102 


©•23561 


102 


©•41012 


I©2 


©•5846© 


I©2 


©•75903 


102 


22 


•06400 


107 


•23852 


107 


•41303 


i©7 


•58751 


107 


•76194 


i©7 


23 


•06691 


112 


•24143 


112 


•41594 


112 


•59042 


112 


•76485 


112 


24 


•06982 


"7 


•24434 


"7 


•41884 


"7 


•59333 


117 


•76775 


117 


25 


•07272 


122 


•24725 


122 


•42175 


122 


•59623 


122 


•77066 


122 


26 


•07563 


"7 


•25016 


127 


•42466 


127 


•59914 


127 


•77356 


127 


27 


•07854 


132 


•25306 


132 


•42757 


132 


•6o2©5 


132 


•77647 


132 


28 


•08145 


137 


•25597 


137 


•43048 


137 


•6©495 


137 


•77938 


137 


29 


•08436 


141 


•25888 


141 


•43339 


141 


•6©786 


141 


•78229 


141 


30 


•08727 


145 


•26179 


145 


•43629 


145 


•6i©77 


H5 


•78519 


145 


31 


0^09017 


150 


0*26470 


150 


0-4392© 


15© 


0-61368 


15© 


©•7881© 


15© 


33 


•09308 


155 


•26761 


155 


•44211 


155 


•61658 


155 


•79107 


155 


33 


•09599 


160 


•27052 


160 


•44502 


16© 


•61949 


16© 


•79392 


16© 


34 


•09808 


165 


•27H2 


165 


•44793 


165 


•62240 


165 


•79682 


165 


35 


•10181 


170 


•27633 


170 


•45084 


17© 


•62531 


17© 


•79973 


17© 


36 


• 10472 


175 


•27924 


"75 


•45374 


175 


•62821 


175 


•8©264 


175 


37 


•10763 


180 


•28215 


180 


•45665 


18© 


•63112 


18© 


•80554 


180 


38 


•I 1054 


185 


•28506 


185 


•45956 


185 


•63403 


185 


.80845 


185 


39 


•11344 


190 


•28797 


190 


•46247 


19© 


•63694 


19© 


•81135 


190 


40 


•11635 


194 


• 29088 


194 


•46538 


194 


•63984 


194 


•81426 


194 


41 


o«ii926 


199 


0^29378 


199 


©•46828 


199 


©•64275 


199 


0-81717 


199 


42 


•12217 


204 


•29669 


204 


•47119 


2©4 


•64566 


2©4 


•82007 


204 


43 


•12508 


209 


•29960 


209 


•41410 


2©9 


•64857 


209 


•82297 


209 


44 


•12799 


214 


•30251 


214 


•47701 


214 


•65147 


214 


•82588 


214 


45 


•13090 


219 


•30542 


219 


•47992 


219 


•65438 


219 


•82879 


219 


46 


•13381 


223 


•30833 


^^3 


•48283 


223 


•65728 


223 


•83170 


223 


47 


•13672 


228 


•3II23 


228 


•48574 


228 


•66©i9 


228 


•83461 


228 


48 


•13963 


232 


•3I4I4 


232 


•48864 


232 


•6631© 


232 


•83751 


232 


49 


•14153 


237 


•31705 


237 


•49155 


237 


•666©i 


237 


•84042 


237 


50 


•14544 


242 


•31996 


242 


•49446 


242 


•66892 


242 


•84332 


242 


51 


0-14835 


247 


0^32287 


247 


©•49737 


247 


©•67182 


247 


©•84623 


247 


52 


•15126 


252 


•32278 


252 


•5©©27 


252 


•67473 


252 


•84913 


252 


53 


•15417 


257 


•32869 


257 


•50318 


257 


•67764 


257 


•85204 


»57 


54 


•15708 


262 


•33160 


262 


•5©6o9 


262 


•68055 


262 


•85495 


262 


55 


•15999 


266 


•33450 


266 


•5090© 


266 


•68345 


266 


•85785 


266 


56 


•16290 


271 


•33741 


271 


•51191 


^7! 


•68636 


271 


•86076 


V^ 


57 


•16580 


276 


•34032 


276 


•51481 


276 


•68927 


276 


•86367 


276 


58 


•16871 


281 


•34323 


281 


•51772 


281 


•69217 


281 


•86657 


281 


59 


•17162 


286 


•34614 


286 


•52©63 


286 


•69508 


286 


•86948 


226 


60 


•17453 


291 


•34905 


291 


•5^354 


291 


•69799 


291 


•87239 


291 
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Parte 




Parte 




Parte 




Parte 




Parte 


MilL 


60 


for 

n 


eo 


for 



19 


for 


8° 


for 


90 


for 






0-87239 





1*04672 


1^22097 





'•395 '3 





1*56918 


I 


•87529 


5 


• -04962 


5 


•22387 


5 


•39803 


5 


•57208 


5 


2 


•87820 


10 


•05252 


10 


•22677 


10 


•40093 


10 


•57498 


10 


3 


•83iio 


15 


•05543 


15 


•22968 


15 


•40383 


15 


•57788 


15 


4 


•88401 


20 


•05833 


20 


•23258 


20 


•40673 


20 


•58078 


20 


5 


'f^f 


^5 


•06124 


25 


•23548 


25 


•40964 


25 


•58368 


25 


6 


•88982 


30 


•06414 


30 


•23839 


30 


•41254 


30 


•58658 


30 


7 


•89273 


35 


•06705 


35 


'24129 


35 


•41544 


35 


•58948 


35 


8 


•89563 


39 


•06995 


39 


•24419 


39 


•41834 


39 


•59238 


39 


9 


•89854 


44 


•07286 


44 


•24710 


44 


•42124 


44 


•59528 


44 


10 


•90144 


49 


•07576 


48 


•25000 


48 


•42415 


48 


•59818 


48 


II 


0-90435 


53 


1.07867 


53 


1^25292 


53 


1-42705 


53 


I • 60108 


53 


12 


•90726 


1® 


•08157 


f® 


•25581 


58 


•42995 


58 


•60398 


58 


n 


'91016 


63 


•08448 


\^ 


'25871 


63 


•45285 


63 


•60688 


63 


14 


•91307 


68 


•08738 


68 


•26161 


68 


-43575 


68 


•60978 


68 


'5 


'9'I2Z 


73 


•09029 


73 


•26452 


73 


.43866 


73 


.61367 


73 


16 


•91888 


78 


•09 J 19 


78 


•26742 


78 


-44156 


78 


•61557 


78 


'7 


•92178 


82 


•09610 


82 


•27032 


82 


•44446 


82 


•61847 


82 


18 


•92469 


87 


•09900 


87 


•27323 


87 


•44736 


87 


-62137 


87 


19 


•92759 


92 


•10190 


92 


•27613 


92 


•45026 


92 


•62427 


92 


20 


•93050 


97 


•1048 I 


97 


•27903 


97 


•453x6 


97 


-62717 


97 


21 


0-93341 


102 


1*10771 


102 


1*28194 


102 


1-45607 


102 


1-63007 


102 


22 


-93631 


107 


•I 1062 


107 


•28484 


107 


•45897 


107 


•63297 


107 


33 


•93922 


112 


•11352 


112 


•28774 


112 


•46187 


112 


•63587 


112 


'4 


•94212 


"7 


•11643 


"7 


•29064 


"7 


•46477 
•46767 


117 


•63876 


117 


25 


•94503 


122 


•11933 


122 


•29355 


122 


122 


•64166 


122 


26 


•94794 


127 


•12223 


127 


•29645 


127 


•47057 


127 


•64556 


127 


^7 


•95084 


132 


•12514 


132 


•29935 


132 


•47347 


132 


•64746 


132 


28 


.95375 


137 


•12804 


137 


•30225 


137 


•47637 


137 


•65036 


137 


^9 


•05665 


141 


•13095 


141' 


•30516 


141 


•47927 


141 


•65326 


141 


30 


•95956 


H5 


•13385 


145 


•30806 


M5 


-48217 


145 


•65616 


145 


31 


0*96246 


150 


1^13676 


149 


1*31096 


149 


1-48507 


149 


1^65906 


149 


32 


•96537 


155 


•13966 


154 


.31387 


154 


•48797 


154 


•66196 


1^4 


33 


•96827 


160 


•14257 


159 


•31677 


159 


•49088 


159 


•66486 




34 


•97118 


165 


•14547* 


164 


•31967 


164 


•49378 


164 


-66776 


164 


35 


•97409 


170 


•14837 


169 


•32257 


169 


-49668 


169 


-67065 


169 


36 


•97699 


175 


•15128 


174 


•32547 


'74 


•49958 


174 


•67355 


174 


37 


•97990 


180 


M5418 


'Z^ 


•32838 


179 


.50248 


179 


•67645 


I7Q 


38 


•98280 


185 


•15709 


184 


•33128 


184 


-50538 


184 


-67935 


184 


39 


•98571 


190 


•15999 


189 


•334T8 


189 


-50828 


189 


•68225 


189 


40 


•98861 


194 


•16289 


'93 


•33709 


'93 


•51118 


193 


.68515 


193 


41 


0-99152 


199 


1*16580 


198 


1-33999 


198 


1-51408 


198 


1^68805 


198 


42 


•99442 


204 


•16870 


203 


•34289 


20J 


•51698 


203 


•69095 


203 


43 


•99733 


209 


•17160 


208 


•34579 


208 


•51988 


208 


•69384 


208 


44 


I'00023 


214 


•1745 1 


213 


•34869 


213 


•52278 


213 


•69674 


213 

218 


^1 


•00314 


219 


•I 7441 


218 


'35 '60 


218 


•52568 


218 


•69964 


46 


•00605 


223 


•1803 1 


222 


•35450 


223 


•52858 


222 


•70254 


222 


47 


•00895 


228 


•18322 


227 


•35740 


227 


•53148 


227 


•70544 


227 


48 


•OII85 


232 


•18612 


231 


•36030 


231 


•53438 


231 


•70833 


231 


49 


•01476 


237 


•18903 


236 


•36321 


236 


•53728 


236 


•71123 


236 


50 


•01766 


242 


•19193 


241 


•36611 


241 


•54018 


241 


•^1413 


241 


51 


I '0305 7 


247 


I- 19483 


246 


I. 36901 


246 


1-54308 


246 


1-71703 


246 


52 


•02348 


252 


•^9774 


251 


•37^91 


25' 


•54598 


251 


•71993 


251 


53- 


•02638 


''V 


•20064 


256 


•37481 


256 


-54888 


256 


•72283 


256 


54 


•02929 


262 


•20354 


261 


•37771 


261 


•51178 


261 


•72572 


261 


55 


•03219 


266 


•20645 


265 


•38062 


265 


•55468 


265 


•72862 


265 


56 


•03510 


271 


•20935 


270 


•38352 


270 


•55758 


270 


•73152 


270 
275 
280 


57 


•03800 


276 


•21226 


^Z^ 


•38642 


275 


•56048 


275 


•73442 


58 


-04090 


281 


•21516 


280 


•38932 


280 


•56338 


280 


•73732 


59 


•04381 


286 


•21806 


285 


•39222 


285 


-56628 


285 


•74021 


285 


60 


•04^^72 


291 


• 22097 


290 


•395'3 


290 


•5691b 


290 


•7431 I 


290 



314 
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Parts 




Parts 




Parts 




Parts 


MIn. 


10° 


for 


11° 


for 
// 


12° 


for 


130 


for 



140 


for 



o 


I -74} I J 





I '91691 





2^09057 


• 


2 •26407 


3-43738 


I 


•74601 


5 


•91980 


5 


•09346 


5 


•26696 


5 


•44026 


5 


2 


•74891 


10 


•92270 


10 


•09635 


10 


•26985 


10 


•44315 


10 


3 


•7518c 


»5 


•92560 


15 


•09934 


15 


•27274 


'5 


•44604 


15 


4 


•75470 


20 


•92849 


20 


•10214 


20 


•37563 


20 


•44893 


30 


5 


•7576a 


35 


•93139 


35 


•10503 


^5 


•27852 


35 


•45 181 


35 


6 


•76050 


30 


•93438 


30 


•10792 


30 


•2814I 


30 


•45470 


30 


7 


•76340 


35 


.93718 


35 


. I 1082* 


35 


•28430 


35 


•45758 


35 


8 


•76630 


39 


•94008 


39 


-11371 


39 


•28719 


39 


•46047 


39 


9 


•76919 


44 


•94397 


44 


•11660 


44 


•29008 


44 


•46336 


44 


lO 


•77209 


48 


•94587 


48 


•11950 


48 


• 39397 


48 


•46625 


48 


II 


1-77499 


53 


1-94876 


53 


2^12239 


53 


3^29586 


53 


2 •46913 


$3 


12 


•77789 


58 


•95166 


i^ 


•12528 


1^ 


•29875 


58 


•47302 


58 


13 


•78078 


62 


•95455 


62 


•I2817 


62 


•30164 


62 


•47491 


6} 


14 


•78368 


67 


•95745 


67 


•I3106 


67 


•30453 


67 


•47779 


67 


15 


•78658 


73 


•96034 


73 


•13396 


73 


•30743 


73 




73 


i6 


•78947 


77 


•96334 


77 


•13685 


77 


•3103 1 


77 


•48357 


77 


17 


'79337 


81 


•96613 


81 


•13974 


81 


•31330 


81 


•48645 


81 


i8 


•79537 


86 


•96903 


86 


• 14263 


86 


•31609 


86 


•48934 


86 


19 


•79816 


91 


•97II2 


9! 


•M553 


^I 


•31898 


93 


-49333 


9' 


30 


•80106 


96 


•97483 


96 


•14843 


96 


•33187 


96 


•49513 


96 


21 


1-80396 


lOI 


'•97771 
•98060 


lOI 


2T5131 


lOI 


»• 33475 


lOI 


2-49800 


lOI 


22 


•80686 


106 


106 


•15420 


106 


•33764 


106 


•50089 


106 


3J 


•80975 


III 


•98350 


III 


•15709 


III 


•33053 


III 


•50377 


III 


34 


•81265 


116 


•98669 


116 


•15998 


1x6 


•33343 


116 


•50666 


116 


35 


•81555 


121 


•98939 


121 


•16288 


121 


•3363' 


121 


•50955 


121 


26 


•81844 


126 


•99218 


176 


•16577 


126 


•339'9 


126 


•5'343 


126 


37 


•82134 


131 


•99507 


131 


•16866 


131 


•34308 


131 


•5'533 


'3' 


28 


•82424 


136 


•99797 


136 


•I7155 


136 


•34497 


136 


•51821 


136 


39 


•82713 


140 


2^00086 


140 


•17444 


140 


•34786 


140 


•52110 


140 


30 


•83003 


144 


•00376 


144 


•17734 


144 


•35075 


144 


•53399 


144 


31 


1^83292 


148 


2^00665 


148 


2 '18023 


148 


3^35363 


148 


2*52687 


148 


33 


•83582 


153 


•00954 


153 


•18312 


153 


•35652 


'53 


•53976 


153 


33 


•83872 


158 


•01244 


158 


•1860I 


158 


•35941 


158 


•53264 


158 


34 


•84161 


163 


•01533 


163 


•18890 


163 


-36230 


163 


•53553 


163 


35 


•84451 


168 


•01823 


168 


•I9179 


168 


•36519 


168 


•53841 


168 


36 


•84740 


173 


•02II2 


173 


•19468 


'73 


•36807 


173 


•54130 


'73 


37 


•85030 


178 


•02401 


178 


•19757 


178 


•37096 


178 


•54418 


'78 


38 


•85330 


183 


•02691 


183 


-20046 


183 


•37385 


183 


•54707 


183 


39 


•85609 


188 


•02980 


188 


•20335 


188 


•37674 


188 


•54995 


188 


40 


•85899 


192 


•03270 


192 


•20625 


192 


•37963 


193 


•55284 


193 


41 


i*86i88 


'97 


2-03559 


197 


2-20914 


'97 


^•38251 


'97 


3-55573 


'97 


43 


•86478 


202 


•03848 


202 


•21203 


203 


•38540 


202 


•55861 


202 


43 


•86768 


207 


•04138 


207 


•21492 


207 


•38829 


207 


•56149 


207 


44 


•87056 


212 


•04437 


212 


•21781 


212 


-39"8 


212 


•56438 


212 


45 


•87347 


317 


•04717 


3f7 


• 22070 


217 


•39407 


217 


•56736 


317 


46 


•87637 


221 


•05006 


22: 


•33359 


221 


•39695 


221 


•57015 


221 


47 


•87926 


226 


•05395 


226 


•22648 


226 


•39984 


226 


•57303 


226 


48 


•88216 


230 


•05585 


230 


•22937 


330 


•40273 


230 


•57593 


230 


49 


•88506 


335 


•05874 


335 


•23226 


335 


•40562 


335 


•57880 


335 


50 


•88796 


240 


•06164 


240 


•23516 


340 


•40851 


240 


•58169 


240 


51 


1^89085 


345 


3-06453 


345 


2-23805 


345 


2'4ir39 


345 


3^58457 


345 


53 


•89J75 


350 


•06743 


250 


•34094 


350 


•41438 


350 


•58745 


250 


53 


•89664 


355 


•07031 


355 


•24383 


^f5 


•4i7'7 


355 


•59034 


.355 


54 


•89954 


260 


•07321 


260 


•24672 


260 


•42005 


260 


•59322 


260 


55 


•90243 


364 


•07610 


264 


•24961 


264 


•42294 


264 


•596" 


264 


56 


•90533 


269 


•07899 


269 


•25250 


269 


•43583 


269 


•59899 


269 


57 


•90822 


374 


•08189 


374 


•35539 


374 


•43871 


274 


•60187 


374 


58 


•91112 


379 


•08478 


379 


•25828 


379 


•43160 


379 


•60476 


379 


59 


•91401 


284 


•08767 


284 


•26117 


284 


•4>449 


284 


•60764 


284 


60 


•91691 


289 


•09057 


289 


•26407 


289 


•43738 


289 


•61053 


288 
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Parts 




Parts 


Min. 


16° 


for 


i«o 


for 

n 


ir> 


for 


18° 


for 
II 


ViP 


for 

n 





3-61053 





2-78346 





2-95619 





3*12868 





3-30095 





I 


•6134I 


5 


•78634 


5 


•95906 


5 


•13155 


5 


•30382 


5 


a 


•61639 


10 


•78922 


10 


•96194 


10 


•13442 


10 


•30669 


10 


3 


•61917 


15 


•79210 


15 


•96482 


15 


•13729 


15 


•30955 


* 15 


4 


•63306 


30 


•79498 


30 


•96769 


20 


•14OI7 


20 


•31242 


20 


5 


'63494 


^5 


•79786 


25 


•97057 


25 


•14304 


25 


•31816 


25 


6 


•63783 


30 


•80074 


30 


•97345 


30 


•I4591 


30 


30 


7 


•63071 


35 


•80362 


35 


•97632 


35 


•14879 


35 


•32103 


35 


8 


•63359 


39 


•80651 


39 


•97920 


39 


•15166 


39 


•32390 


39 


9 


•63647 


44 


•80939 


44 


•98208 


44 


•1545 J 


44 


•32677 


44 


10 


•63936 


48 


•81227 


48 


•98496 


48 


•15 741 


48 


•32964 


48 


fi 


3-64334 


53 


2-81515 


53 


3^98783 


53 


3.16028 


53 


3*33251 


53 


13 


•64513 


58 


•81803 


58 


•99071 


58 


•I6315 


58 


•33537 


58 


13 


•64800 


63 


•82091 


62 


•99358 


62 


•16602 


62 


•33824 


62 


14 


•65089 


67 


'?^^I9 


67 


•99646 


67 


•16889 


67 


•34111 


67 


15 


•65377 


7» 


•82667 


72 


•99934 


72 


•I7177 


72 


•34398 


72 


16 


•65665 


77 


•82955 


77 


3^0022I 


77 


•17464 


77 


•34685 


77 


17 


•65954 


81 


•83243 


81 


•00509 


81 


•I7751 


8x 


•34971 


81 


18 


•66343 


86 


•83531 


86 


•00796 


86 


• 18038 


86 


•35258 


86 


19 


.66530 


91 


•83819 


91 


•01084 


91 


•18325 


91 


•35545 


91 


20 


•66819 


96 


•84107 


96 


•01373 


96 


•18613 


96 


•35832 


95 


31 


3*67107 


lOI 


2-84394 


lOI 


3^01659 


lOI 


3^X8900 


lOI 


3^36ii8 


100 


33 


•67395 


106 


•84682 


106 


.01947 


106 


•I9187 


106 


•36405 


105 


33 


•67683 


III 


•84^70 


III 


•02234 


III 


•19474 


III 


•36692 


no 


54 


•67971 


116 


•85258 


116 


•02522 


116 


•19762 


116 


•36979 


i'5 


25 


•68360 


121 


•85546 


121 


•02809 


121 


•20049 


121 


•37265 


120 


36 


•68548 


126 


•85834 


ii6 


•03097 


126 


•20336 


126 


•37552 


125 


37 


•68836 


'^I 


•86122 


131 


•03384 


131 


•20623 


13' 


•37839 


130 


38 


•69134 


136 


•86410 


136 


•03672 


136 


•20910 


136 


•38125 


135 


19 


•69413 


140 


•86698 


140 


•03959 


140 


•21198 


140 


•38412 


139 


30 


•69701 


144 


•86986 


144 


•04247 


144 


•21485 


144 


•38699 


143 


31 


3^69989 


148 


2^87273 


•148 


3 •045 34 


148 


3^2x772 


148 


3*38985 


M7 


32 


•70377 


153 


•87561 


153 


•04821 


153 


•33059 


153 


•39272 


152 


33 


•70565 


158 


•87849 


158 


•05109 


158 


•22346 


158 


'39559 


157 


34 


•70853 


163 


•88137 


163 


•05396 


163 


•22633 


163 


•39845 


162 


35 


•71 143 


168 


•88425 


168 


•05684 


168 


•22920 


168 


•40133 


167 


36 


•71430 


I7J 


•88712 


173 


•05971 


173 


•23207 


173 


•40418 


172 


37 


•7I7I8 


178 


•89000 


178 


•06258 


178 


•23494 


178 


•40705 


177 


38 


•73006 


183 


•89288 


183 


•06546 


183 


•23782 


183 


•40992 


182 


39 


•73394 


188 


•89576 


188 


•06833 


188 


•24069 


188 


•41278 


187 


40 


•72583 


192 


•89864 


192 


•07121 


192 


•24356 


192 


•41565 


191 


41 


a»7387i 


197 


2^9oi5i 


197 


3^07408 


197 


3-24643 


197 


3 '4185 1 


196 


43 


•73159 


202 


•90439 


202 


•07695 


201 


•24930 


201 


•42138 


200 


43 


•73447 


207 


•90727 


207 


•07983 


206 


•252x7 


206 


•42425 


205 


44 


•73735 


212 


•91015 


212 


•08270 


211 


•35504 


211 


•42711 


210 


45 


•74034 


217 


•91303 


217 


•08558 


216 


•25791 


216 


•42998 


215 


46 


•74312 


221 


•91590 


321 


•08845 


220 


• 26078 


220 


•43284 


219 


*z 


•74600 


226 


•91878 


226 


•09132 


225 


'26365 


225 


•43571 


224 


48 


•74888 


230 


•92166 


230 


•09420 


229 


•26652 


229 


•43858 


228 


49 


•75176 


335 


•92454 


235 


•09707 


234 


•26939 


234 


•44144 


233 


50 


•75465 


340 


•92742 


240 


•09995 


239 


•27226 


239 


•44431 


238 


51 


3-75753 


245 


2-93029 


245 


3^10282 


244 


3^275n 


244 


3*44717 


243 


52 


•76041 


250 


•93317 


250 


•10569 


249 


•27800 


249 


•45004 


248 


53 


•76339 


^f^ 


•93605 


^55 


• 10856 


254 


•28086 


254 


•45290 


253 


54 


•76617 


260 


•93892 


260 


•11144 


259 


•28373 


259 


•45577 


258 


55 


•76905 


364 


•94180 


264 


•11431 


263 


•28660 


263 


•45863 


262 


56 


•77193 


269 


•94468 


269 


•11718 


268 


•28947 


268 


•46150 


267 


57 


•77481 


374 


-94755 


274 


•12006 


273 


•29234 


273 


•46436 


272 


58 


.77769 


379 


•95043 


279 


•12293 


278 


•29521 


278 


•46723 


277 


59 


•78057 


384 


-95331 


284 


•12580 


283 


■29808 


283 


•47009 


282 


60 


•78346 


288 


•95619 


288 


•12868 


287- 


•30095 


287 


•47296 


286 
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Parts 




Parts 


Min. 
o 


vfi 


for 


21° 


for 


21° 


for 

II 


330 


for 
II 


340 


for 
It 


3-47296 





3^64471 





3^8i6i8 





3^98735 





4-15824 





I 


•47582 


5 


•64757 


5 


•81904 


5 


• 99020 


5 


•16 109 


5 


2 


.47869 


10 


•65043 


10 


•82189 


10 


•99305 


10 


•16393 


9 


3 


•48155 


15 


•65329 


15 


-82475 


15 


•99590 


15 


•16678 
•16962 


14 


4 


•48441 


20 


•65615 


20 


•82760 


20 


•99875 


20 


19 


5 


•48728 


25 


•65901 


25 


•83046 


25 


4' 00160 


^5 


•17247 


24 


6 


•49014 


30 


•66187 


30 


•83331 


30 


•00445 


30 


•17531 


29 


7 


•49301 


35 


•66473 


35 


-83617 


35 


•00730 


35 


•17816 


34 


8 


•49587 


39 


•66759 


39 


•83902 


39 


•01015 


39 


•18100 


38 


9 


•49873 


44 


•67045 


44 


•84188 


44 


•01300 


44 


•18385 


43 


lO 


•50160 


48 


•67331 


48 


•84473 


48 


•01585 


48 


•18669 


47 


II 


3-50446 


53 


3^67617 


53 


3-84758 


53 


4^01870 


53 


4-18953 


52 


12 


•50732 


58 


•67903 


58 


•85044 


58 


•02155 


58 


•19238 


57 


13 


•51019 


62 


•68189 


62 


•85329 


62 


•02440 


62 


•19522 


61 


14 


•51305 


67 


•68475 


67 


•85615 


87 


•02725 


67 


•19807 


66 


'5 


•51591 


72 


•68761 


72 


•85900 


72 


•03010 


72 


-20091 


71 


i6 


•51878 


77 


•69046 


77 


•86185 


77 


•03294 


77 


'■"^ 


76 


17 


•52164 


81 


•69332 


81 


•86471 


81 


•03579 


81 


80 


i8 


•52450 


86 


•69718 


86 


•86756 


86 


•03864 


86 


•20944 


85 


19 


•52736 


91 


•70004 


91 


•87042 


91 


•04149 


91 


-21229 


90 


20 


•53023 


95 


•70190 


95 


•87327 


95 


•04434 


95 


•21513 


94 


21 


3^53309 


too 


3^70476 


100 


3-87612 


100 


4-04719 


100 


4-21797 


99 


22 


•53595 


105 


* 70762 


105 


•87898 


105 


•05004 


105 


•22082 


104 


13 


•53882 


no 


•71047 


no 


•88183 


no 


•05289 


no 


•22366 


109 


^4 


•54168 


"5 


•71333 


"5 


-88468 


"5 


•05574 


"5 


•22650 


114 


35 


•54454 


120 


•71619 


120 


•88754 


120 


•05859 


120 


•22935 


119 


26 


•54741 


125 


•71905 


"5 


•89039 


"5 


•06143 


"5 


•23219 


124 


27 


•55027 


130 


•72191 


130 


•89324 


130 


•06428 


130 


•23503 


129 


28 


•55313 


135 


•72476 


135 


•89609 


135 


•06713 


135 


•23787 


134 


29 


•55600 


139 


•72762 


139 


•89895 


139 


•06998 


'39 


•24072 


138 


30 


•55886 


143 


•73048 


143 


•90180 


143 


•07283 


143 


•24356 


142 


31 


3-56172 


147 


3^73334 


H7 


3^90465 


147 


4-07568 


147 


4-24640 


146 


32 


■56458 


152 


•73619 


152 


•90750 


152 


•07853 


152 


•24924 


151 


33 


•56745 


157 


-73905 


157 


.91036 


157 


•08137 


'57 


•25209 


156 


34 


"57031 


162 


•74191 


162 


•91321 


161 


•08422 


161 


•25493 


160 


35 


•57317 


167 


•74477 


167 


•91606 


166 


•08707 


166 


•25777 


165 


36 


•57603 


172 


•74762 


172 


•91891 


'7J 


•08992 


17' 


•26061 


170 


37 


•57889 


177 


•75048 


177 


•92176 


176 


•09277 


176 


•26345 


175 


38 


•58176 


182 


•75334 


182 


•92462 


181 


•09561 


181 


- 26630 


180 


39 


•58462 


187 


•75619 


187 


•92747 


186 


•09846 


186 


•26914 


185 


40 


•58748 


191 


•75905 


191 


•93032 


190 


•10131 


190 


-27198 


189 


41 


3-59034 


196 


3-76191 


196 


3-93317 


195 


4^ 10416 


195 


4.27482 


194 


42 


•59320 


200 


•76476 


200 


•93602 


199 


•10700 


199 


•27766 


198 


43 


•59607 


205 


•76762 


205 


•93888 


204 


•10985 


204 


• 28050 


203 


44 


•59893 


210 


•77048 


210 


•94173 


209 


•11270 


209 


•28334 


208 


45 


•60179 


215 


•77334 


215 


•94458 


214 


•"555 


214 


•28519 


213 


46 


•60465 


219 


•77619 


219 


•94743 


2r8 


•"839 


218 


•28903 


217 


47 


•60752 


224 


•77905 


224 


•95028 


223 


•12124 


223 


•29187 


222 


48 


•61038 


228 


•78191 


228 


•95314 


227 


•12409 


227 


•29471 


326 


49 


•61324 


233 


•78476 


233 


•95599 


232 


•12693 


232 


•29755 


231 


50 


•61610 


238 


•78762 


238 


•95884 


237 


•12978 


237 


•30039 


236 


51 


3*61896 


243 


3-79048 


243 


3^96169 


242 


4-13263 


242 


4^30323 


241 


52 


•62182 


248 


•79333 


248 


•96454 


247 


•13547 


247 


•30607 


246 


53 


•62468 


253 


•79619 


253 


•96739 


252 


•13832 


252 


•30891 


251 


54 


-62754 


258 


-79904 


258 


-97024 


257 


•14116 


257 


•31175 


256 


55 


.630A1 


262 


'80190 


262 


-97310 


261 


•14401 


261 


•31459 


360 


56 


•63327 


267 


•80476 


267 


-97595 


266 


•14686 


266 


•31743 


265 


57 


•63613 


272 


•80761 


272 


•97880 


271 


•14970 


271 


•32027 


270 


58 


•63889 


277 


•81047 


277 


•98165 


276 


•15255 


276 


•32311 


275 


59 


•64185 


282 


•81332 


282 


•98450 


281 


•15539 


281 


•32595 


280 


60 


•64471 


286 


•81618 


•286 


•98735 


285 


•15824 


285 


•32879 


284 
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31; 






Fttrto 




Parts 




FkrtB 




Puts 




Puts 


Min. 


2.P 


Ibr 

n 


2f° 


for 


ar> 


Ibr 


28° 


for 


MO 


for 


o 


4-32879 





4-49901 





4*66890 





4-83843 





5 '00760 





I 


•33163 


5 


•50184 


5 


•67173 


5 


-84125 


5 


•01042 


5 


2 


•33447 


9 


•50468 


9 


•67456 


9 


•84407 


9 


•01323 


9 


3 


•33730 


14 


•50751 


14 


•67738 


14 


.84690 


14 


.01605 


14 


4 


•34015 


19 


•51035 


19 


•68021 


19 


•84972 


19 


•01886 


19 


5 


•34298 


24 


•51318 


24 


•68304 


24 


•85254 


24 


*02i68 


24 


6 


•34582 


29 


•51601 


29 


•68587 


29 


•85536 


29 


•02450 


29 


7 


•34866 


34 


•51885 


34 


•68870 


34 


•85818 


34 


•02731 


34 


8 


•35150 


38 


•52168 


38 


.69152 


38 


•86ior 


38 


•03013 


38 


9 


•35434 


43 


•52452 


43 


•69435 


43 


15i?^ 


43 


•03294 


43 


lO 


•35718 


47 


•52735 


47 


•69718 


47 


•86665 


47 


•03576 


47 


IX 


4*36002 


52 


4-53018 


52 


4-70001 


52 


4*86947 


51 


5^03857 


51 


12 


•36286 


57 


•53302 


57 


•70283 


57 


•87229 


56 


•04139 


56 


n 


•36569 


61 


•53585 


61 


•70566 


6x 


•87511 


61 


•04420 


61 


14 


•36853 


66 


•53868 


66 


•70849 


66 


•87793 


66 


•04702 


66 


15 


•37137 


71 


•54152 


71 


•7i"3 


7« 


•88075 


71 


•04983 


71 


i6 


•37421 


76 


•54435 


76 


•71414 


76 


•88358 


76 


•05265 


76 


17 


•37705 


80 


•54718 


80 


•71697 


80 


•88640 


80 


•05546 


80 


i8 


•37988 


85 


•55001 


85 


•71980 


85 


•88922 


85 


•05828 


85 


19 


•38272 


90 


•55285 


90 


•72262 


90 


•89204 


90 


•06109 


90 


ao 


•38556 


94 


•55568 


94 


•72545 


94 


•89486 


94 


•06391 


94 


31 


4^38840 


99 


4^5585i 


98 


4*72828 


98 


4*89768 


98 


5^06672 


98 


22 


•39123 


104 


•56134 


103 


•73 no 


103 


•90050 


103 


•06954 


103 


23 


•39407 


109 


•56418 


108 


•73393 


108 


.90332 


108 


•07235 


108 


24 


•39691 


"4 


•56701 


113 


•73675 


"3 


•90614 


"3 


•07516 


"3 


25 


•39975 


119 


•56984 


118 


•73958 


118 


•90896 


118 


•07797 


118 


26 


•40258 


124 


•57267 


123 


.74241 


123 


•91178 
•91460 


123 


•08079 


123 


27 


•40542 


129 


•57550 


128 


•74523 


128 


128 


•08360 


128 


28 


•40826 


134 


•57834 


133 


.74806 


133 


•91742 


133 


•08641 


133 


29 


•41109 


138 


•58117 


137 


•75088 


137 


•92024 


137 


•08923 


137 


30 


•41393 


142 


•58400 


141 


•75371 


141 


•92306 


141 


•09204 


141 


31 


4-41677 
•41960 


146 


4-58683 


145 


4*75653 


145 


4*92588 


145 


5*09485 


145 


32 


151 


.58966 


150 


•75936 


150 


•92870 


150 


•09766 


150 


33 


•42244 


156 


•59249 


155 


• 76218 


155 


•93152 


155 


•10048 


155 


34 


•42528 


160 


•59532 


159 


•76501 


159 


-93434 


159 


•10329 


159 


35 


•42812 


165 


•59816 


164 


•76783 


164 


•93615 


164 


•10610 


164 


36 


•43095 


170 


•60099 


169 


•77066 


169 


•93997 


169 


' .10891 


169 


37 


•43379 


175 


•60382 


174 


-77348 


174 


•94279 
•94561 


174 


•11172 


174 


38 


•43663 


180 


•60665 


179 


•77631 


179 


179 


•11454 


179 


39 


•43946 


185 


•60948 


184 


•77913 


184 


•94843 


184 


•"735 


184 


40 


•44230 


189 


•61231 


188 


•78196 


188 


•95125 


188 


•I 2016 


188 


41 


4^445i4 


194 


4-61514 


193 


4-78478 


193 


4*95407 


193 


5-12297 


193 


42 


•44797 


198 


•61797 


197 


•78761 


197 


* 95689 


197 


•12578 


197 


43 


•45 080 


203 


•62080 


202 


•79043 


202 


•95970 


202 


•12859 


202 


44 


•45363 


208 


•62363 


207 


•79326 


207 


•96252 


207 


•13 140 


207 


45 


•45647 


213 


•62646 


212 


•79608 


212 


•96534 


212 


•13421 


212 


46 


•45931 


217 


•62929 


216 


•79890 


216 


* 96816 


216 


•13703 


216 


47 


•46214 


222 


•63212 


221 


•80173 


221 


•97098 


221 


•13984 


221 


48 


•46498 


226 


•63495 


225 


-80455 


225 


•97379 


225 


•14265 


225 


49 


•46781 


231 


•63778 


230 


•80738 


230 


•97661 


230 


•14546 


230 


SO 


•47065 


236 


•64061 


235 


•81020 


235 


•97943 


235 


-14827 


235 


51 


4-47349 


241 


4.64344 


240 


4.81302 


240 


4^98225 


239 


5*15108 


239 


52 


•47632 


246 


•64627 


245 


•81585 


245 


•9S506 


244 


•15389 


244 


53 


.47916 


251 


•64910 


250 


•81867 


250 


•98788 


249 


•15670 


249 


54 


•48199 


256 


-65193 


255 


•82149 


255 


•99070 


254 


•1595 1 


254 


55 


•48483 


260 


•65475 


259 


*8243i 


259 


•99351 


258 


•16232 


258 


56 


•48767 


265 


•65758 


264 


•82714 


264 


•90633 


263 


•165 13 


263 


57 


•49050 


270 


•66041 


269 


•82996 


269 


•99915 


268 


•16794 


268 


58 


•49334 


275 


•66324 


274 


•83278 


274 


5^00197 


273 


•17075 


273 


59 


•49617 


280 


•66607 


279 


•83561 


279 


•00478 


278 


•17356 


278 


60 


•49901 


284 


•66890 


283 


•83843 


283 


•00760 


282 


•17637 


282 



318 



HYDROGRAPHICAL SURVEYING. 



APP. L. 







Puis 




Parts 




Ptfts 




Parte 




Ptota 


Min. 


80° 


for 

n 


31» 


for 
It 


V3P 


for 
n 


330 


for 

// 


340 


for 
$t 




o 


5-17638 





5-34476 





5^5i274 





5^68030 





5-84744 


X 


•I79I9 


5 


•34757 


5 


•51654 


5 


.68309 


5 


•85022 


5 


1 


•18200 


9 


•35038 


9 


•51834 


9 


•68588 


9 


•85300 


9 


3 


•I848I 


14 


•35318 


14 


•52114 


14 


-68867 


14 


•85578 


14 


4 


•18762 


19 


'^5598 


19 


-52394 


19 


•69146 


19 


•85856 


19 


5 


•19043 


23 


•35878 


23 


•52673 


23 


•69425 


23 


•86134 


23 


6 


•19324 


28 


•36158 


28 


•52952 


28 


-69704 


28 


•86412 


28 


7 


•19605 


33 


•36438 


33 


-53232 


32 


•69983 


32 


•86690 


32 


8 


•19886 


37 


•36718 


37 


•53512 


36 


•70262 


36 


•86968 


36 


9 


•20167 


42 


•36999 


42 


•53791 


41 


•70541 


41 


•87246 


41 


lO 


•20448 


47 


•37280 


47 


•54070 


46 


•70820 


46 


-87524 


46 


II 


5-20729 


51 


5*37560 


55 


5-54350 


50 


5^71098 


50 


5^87802 


50 


12 


•2IOIO 


56 


•37840 


56 


•54630 


55 


•71376 


55 


•88080 


55 


n 


'21290 


61 


•38120 


61 


•54909 


60 


•71655 


60 


•88358 


6^ 


M 


•21570 


65 


•38400 


65 


•55188 


65 


•71934 


65 


•88636 


65 


15 


-2185 1 


70 


•38680 


70 


•55468 


70 


-72213 


70 


•88914 


70 


i6 


•22132 


75 


•38960 


75 


•55748 


75 


-72492 


75 


•89192 


75 


'7 


-22413 


79 


•39240 


P 


•56306 


79 


•72771 


79 


•89470 


79 


i8 


•22694 


84 


•39520 


84 


84 


•73050 


84 


-89748 


84 


^9 


•32975 


89 


•39800 


89 


'^5S?^ 


89 


•73328 


89 


•90026 


89 


20 


•23256 


93 


•40080 


93 


•56864 


93 


•73606 


93 


•90304 


93 


21 


5'33537 


98 


5 .40360 


98 


5-57144 


97 


5-73885 


97 


5-90582 


97 


22 


•23818 


103 


•40640. 


103 


-57424 


102 


•74164 


102 


•90860 


102 


13 


•24098 


108 


•40920 


108 


•57703 


106 


•74443 


106 


•91138 


106 


^4 


•H378 


112 


•41200 


112 


•57982 


III 


•74722 


III 


•91416 


III 


25 


•24659 


"7 


•4148 I 


"7 


•58261 


116 


•75000 


116 


•91694 


116 


26 


•24940 


122 


•41762 


122 


•58540 


121 


•75278 


121 


•91972 


121 


\\ 


•25221 


126 


•42042 


126 


•58820 


125 


•75557 


"5 


•92250 


125 


28 


•25502 


131 


•42322 


'^J 


•59100 


130 


•75836 


130 


•92528 


130 


29 


•25782 


136 


•42601 


136 


•59379 


135 


•76114 


135 


•92806 


135 


30 


•26062 


140 


•42880 


140 


•59658 


139 


•76392 


139 


•93084 


139 


31 


5-^6343 


145 


5-43160 


145 


5-59937 


144 


5*76671 


144 


5*93361 


144 


33 


•26624 


150 


•43440 


150 


•60216 


149 


- 76950 


148 


•93638 


148 


33 


•26905 


154 


-43720 


154 


•60496 


153 


•77228 


152 


•93916 


'52 


34 


•27186 


159 


•44000 


159 


•60776 


158 


•77506 


157 


•94194 


'57 


35 


•27466 


164 


•44280 


164 


•61055 


163 


-77885 


162 


•94472 


162 


36 


•27746 


•168 


•44560 


168 


•61334 


167 


•78064 


166 


-94750 


166 


37 


•'^*Z 


173 


•44840 


173 


•61613 


172 


•78342 


171 


•95028 


171 


38 


•28308 


178 


•45120 


178 


•61892 


177 


•78620 


176 


•95306 


176 


39 


•28588 


183 


•45400 


183 


•62171 


182 


•78899 


181 


•95583 


181 


40 


• 28868 


187 


-45680 


187 


•62450 


186 


-79178 


185 


•98560 


185 


41 


5-29149 


''I 


5-45960 


192 


5^62729 


191 


5-79456 


190 


5*96138 


190 


42 


•29430 


196 


-46240 


196 


•63008 


195 


-79734 


194 


•96416 


194 


43 


•29710 


201 


•46520 


201 


•63287 


200 


•80013 


199 


•96694 


199 


44- 


•29990 


206 


-46800 


206 


•63566 


205 


•80292 


204 


•96972 


204 


"^f 


•30271 


210 


•47079 


210 


•63845 


209 


•80570 


208 


-97249 


208 


46 


•30552 


215 


•47358 


215 


•64124 


214 


•80848 


213 


•97526 


213 


47 


•30832 


220 


•47638 


219 


•64404 


218 


•81126 


217 


-97804 


217 


48 


•3III2 


224 


•47918 


223 


•64684 


222 


•81404 


221 


•98082 


221 


49 


•3^393 


229 


•48198 


228 


•64963 


227 


•81683 


226 


•98359 


226 


50 


•31674 


234 


•48478 


^33 


•65242 


232 


•81962 


231 


•98636 


231 


51 


5-31954 


238 


5-48758 


237 


5-65521 


236 


5-82240 


235 


5-98914 


235 


5a 


•32234 


243 


•49038 


242 


•65800 


241 


•82518 


240 


•99192 


240 


53 


•32514 


248 


•49317 


247 


•66079 


246 


-82796 


245 


-99469 


245 


54 


•32794 


252 


•49596 


251 


-66358 


250 


•83074 


249 


-99746 


249 


55 


•33075 


257 


•49876 


256 


-66637 


255 


•83352 


254 


6*00024 


254 
259 


56 


•33356 


262 


•50156 


261 


•66916 


260 


•83630 


259 


•00302 


57 


•33636 


266 


•50436 


265 


•67194 


264 


-83909 


26} 


•00579 


263 


58 


•35916 


271 


•50716 


270 


•67472 


269 


•84188 


268 


•00856 


268 


59 


•34196 


'Z^ 


•50995 


^75 


•67751 


274 


•84466 


273 


•01134 


273 

278 


60 


•34*76 


281 


•51274 


280 


•68030 


279 


•84744 


278 


•01412 
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Farts 




Puts 




Parts 




Parts 




Parts 


Min. 


36« 


for 

n 


seo 


for 

n 


37® 


for 


380 


for 

n 


3»o 


for 

n 





6*01412 





6^18034 





6^34610 





6-5x136 





6-676x4 





X 


•01689 


5 


•18311 


5 


•34886 


5 


•5x411 


5 


•67888 


5 


3 


•01966 


9 


•18588 


9 


•35163 


9 


•5x686 


9 


•68x62 


9 


3 


•03244 


14 


•18864 


14 


•35437 


14 


•5x961 


14 


•68436 


14 


4 


•03523 


18 


•19140 


18 


•35712 


x8 


•52236 


18 


•68710 


x8 


5 


•03799 


n 


•19417 


23 


•35988 


23 


•525x1 


23 


•68984 


23 


6 


•03076 


28 


•19694 


38 


•36364 


38 


•52786 


38 


•69258 


27 


7 


•03353 


32 


•19970 


32 


•36540 


32 


•53061 


32 


•69532 


31 


8 


•03630 


37 


•30346 


37 


•36816 


37 


•53336 


37 


•69806 


36 


9 


•03908 


41 


•30533 


41 


•37092 


41 


•5361I 


41 


•70081 


40 


10 


•04186 


46 


•30800 


46 


•37368 


46 


•53886 


46 


•70356 


45 


II 


6-04463 


50 


6^31076 


50 


6-37643 


50 


6^54161 


50 


6^70630 


50 


13 


•04740 


55 


•3X352 


55 


•37918 


55 


•54436 


55 


•70904 


55 


13 


•05017 


f9 


•31639 


59 


•38194 


59 


•547" 


59 


•71x78 


59 


14 


•05394 


64 


•31906 


64 


•38470 


64 


•54986 


64 


•71452 


64 


15 


•05571 


69 


•33183 


69 


•38746 


68 


•55261 


68 


•71726 


68 


16 


•05848 


74 


•22458 


74 


•39033 


73 


•55536 


73 


-72000 


73 


17 


•06136 


78 


•33735 


78 


•39397 


77 


•55810 


77 


•72274 


77 


18 


•06404 


83 


•330x3 


83 


•39572 


83 


•56084 


83 


•72548 


83 


19 


•06681 


88 


•33388 


88 


•39848 


87 


•56359 


87 


•72822 


87 


20 


•06958 


92 


•33564 


92 


•40134 • 


91 


•56634 


91 


•73096 


91 


ar 


6-07335 


96 


6^33841 


96 


6-40399 • 


95 


6-56909 


95 


6-73369 


95 


23 


•07512 


lOI 


•341x8 


lOI 


•40674 


xoo 


•57184 


100 


•73642 


xoo 


»3 


•07789 


105 


•24394 


105 


•40950 


104 


•57459 


104 


-73916 


104 


24 


•08066 


no 


•24670 


IXO 


•41326 


109 


•57734 


109 


•74190 


109 


25 


•08343 


"5 


•24946 


"5 


•41503 


114 


•58008 


1x4 


• 74464 


114 


26 


•08630 


120 


•25222 


I30 


'41778 


1x9 


•58282 


1x9 


•74738 


119 


27 


•08897 


134 


•25499 


134 


•430^3 


123 


•58557 


123 


•75012 


123 


38 


•09174 


139 


•25776 


139 


•43328 


128 


•58833 


138 


•75286 


128 


^9 


•09451 


134 


•26052 


134 


•42604 


133 


•59x07 


m 


•75560 


133 


30 


•09738 


138 


•26328 


138 


•42880 


137 


•59382 


137 


•75834 


137 


31 


6^10005 


143 


6*36604 


143 


6-43155 


142 


6^59656 


143 


6-76108 


142 


32 


•I0383 


147 


•36880 


147 


•43430 


146 


•59930 


146 


•76382 


146 


33 


•10559 


151 


•37156 


151 


•43705 


150 


•60305 


150 


•76655 


150 


34 


•10836 


156 


•27432 


156 


•43980 


'55 


•60480 


155 


•76928 


155 


35 


•IIII3 


161 


-27709 


161 


•44256 


160 


•60754 


160 


•77203 


x6o 


36 


•I 1390 


165 


•37986 


X65 


•44533 


164 


•6x038 


X64 


•77476 


X64 


37 


•II667 


170 


•38263 


170 


•44807 


169 


•6x303 


169 


•77750 


169 


38 


•II944 


175 


•28538 


175 


•45083 


174 


•6x578 


174 


•78024 


173 


39 


•I322I 


180 


•28814 


180 


•45357 


179 


•6x853 


179 


•78397 


178 


40 


•12498 


184 


•39090 


184 


•45633 


183 


-63x26 


X83 


•78570 


182 


41 


6-12775 


189 


6-39366 


189 


6^45908 


188 


6'634ox 


188 


6^78844 


187 


42 


•13052 


193 


•39643 


193 


•46184 


193 


•63676 


192 


•791x8 


X9X 


43 


•13339 


198 


•399x8 


198 


•46459 


197 


•63950 


197 


•79392 


X96 


44 


•13606 


203 


•30194 


303 


•46734 


303 


•63224 


303 


•79666 


20X 


45 


•13883 


207 


•30470 


307 


•47009 


306 


•63499 


306 


•79939 


205 


46 


•I4I60 


3X3 


•30746 


3X3 


•47284 


311 


•63774 


3X1 


'80212 


2x0 


47 


•14437 


3l6 


•3x033 


216 


•47559 


215 


•64048 


215 


•80486 


2X4 


48 


•147 14 


330 


•3x298 


220 


•47834 


219 


•64322 


3X9 


•80760 


2X8 


49 


•14990 


225 


•31574 


225 


•48110 


224 


-64597 


224 


•81033 


223 


50 


•15266 


330 


•3x850 


230 


•48386 


229 


-64872 


339 


-81306 


228 


51 


6-15543 


234 


6^33X36 


234 


6^48661 


^^! 


6-65x46 


233 


6-8x580 


232 


52 


•15820 


239 


•33403 


239 


•48936 


238 


•65420 


238 


•8x854 


237 


53 


•16097 


344 


•32678 


244 


•493x1 


243 


•65694 


243 


'82127 


242 


54 


•16374 


348 


•32954 


248 


•49486 


247 


•65968 


247 


•82400 


246 


55 


•1665 1 


353 


•33230 


253 


•49761 


252 


-66343 


252 


•8267? 


251 


56 


•16928 


358 


•33506 


257 


•50036 


256 


•665x6 


256 


•82946 


255 


57 


•17204 


362 


•33782 


261 


•503XX 


260 


•66791 


360 


•83220 


259 


58 


•17480 


367 


•34058 


266 


•50586 


265 


•67066 


265 


•83494 


264 


59 


•17757 


373 


•34334 


271 


•50861 


270 


-67340 


270 


-83767 


269 


60 


•18034 


277 


•346x0 


376 


•51136 


275 


•67614 


275 


•84040 


274 
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HYDROGRAPHICAL SURVEYING, 



APP. L. 







Parte 




Puts 




Puts 




Puts 




PtatB 


MiD. 


4«o 


Ibr 


41«> 


ftr 


*ap 


for 

n 


4S» 


for 
It 


440 


for 


O 


6*84040 





7*00414 





7T6736 





7'33003 





7-49214 





I 


•84314 


5 


•00687 


5 


•17008 


5 


•33273 


5 


•49483 


5 


3 


•84588 


9 


-00960 


9 


•17380 


9 


•33544 


9 


•49752 


9 


3 


•84861 


14 


•01333 


14 


•'7551 


14 


•33815 


14 


•50033 


14 


4 


•85134 


18 


•01504 


18 


•17833 


18 


•34086 


18 


•50393 


18 


5 


*^J27 


23 


•01777 


33 


•18094 


23 


•34356 


23 


•50562 


23 


6 


•85680 


27 


•03050 


37 


•18366 


27 


•34636 


27 


•50832 


27 


7 


'85953 


31 


•03333 


31 


•18637 


31 


•34897 


31 


•51IOI 


31 


8 


•86336 


36 


•03594 


36 


•18908 


36 


•35168 


36 


•51370 


36 


9 


•86500 


40 


•03866 


40 


•19179 


40 


•35438 


40 


•51640 


40 


lO 


•86774 


45 


•03138 


45 


•19450 


45 


•35708 


45 


•519IO 


45 


II 


6^87047 


50 


7-03411 


50 


7^ 19733 


50 


7*35979 


50 


7^52i79 


50 


13 


•87320 


55 


•03684 


55 


•19994 


55 


-36350 


54 


•52448 


54 


13 


•87593 


59 


•03956 


59 


•30365 


59 


•36530 


59 


•52718 


59 


14 


•87866 


64 


•04338 


64 


•20536 


64 


•36790 


63 


•52988 


63 


'5 


•88139 


68 


•04500 


68 


•30808 


68 


•37060 


68 


•53257 


68 


i6 


•88413 


73 


•04772 


73 


•31080 


73 


•37J30 


72 


•53526 


72 


'7 


•88685 


77 


.05044 


77 


•31351 


77 


•37601 


77 


•53796 


77 


i8 


•88958 


83 


•05316 


83 


•31633 


81 


•37872 


81 


•54066 


81 


19 


•89331 


87 


•05589 


87 


•31893 


86 


•38142 


86 


•54335 


86 


20 


•89504 


91 


•05863 


91 


•33164 


90 


•38412 


90 


•54604 


90 


31 


6-89777 


95 


7-06134 


95 


7^22435 


94 


7^38683 


95 


7-54873 


95 


33 


•90050 


lOO* 


•06406 


100 


-33706 


99 


•38954 


99 


•55142 


99 


^3 


•90333 


104 


•06678 


104 


•33978 


103 


•39224 


104 


•55412 


104 


24 


•90596 


109 


•06950 


109 


-33350 


108 


•39494 


108 


•55682 


108 


^5 


•90869 


in 


•07333 


"3 


•23521 


113 


•39764 


"3 


•55951 


"3 


36 


•91143 


118 


•07494 


118 


-33793 


117 


•40034 


"7 


•56330 


"7 


37 


•91415 


133 


•07766 


133 


•34063 


131 


•40304 


133 


•56489 


122 


38 


•91688 


127 


•08038 


127 


•24334 


136 


•40574 


136 


•56758 


136 


29 


•91961 


132 


•08310 


133 


-34605 


131 


.40844 


131 


•57038 


131 


30 


•93334 


136 


•08583 


136 


•34876 


135 


•41 114 


135 


•57398 


135 


31 


6^93507 


141 


7-08854 


141 


7^25147 


140 


7-41385 


140 


7-57567 


140 


32 


•93780 


146 


•09136 


146 


•35418 


X45 


•41656 


144 


•57836 


144 


33 


•93053 


150 


•09398 


150 


•25689 


149 


•41926 


149 


•58105 


H9 


34 


•93326 


'5^ 


•09670 


155 


•35960 


154 


•42196 


153 


•58374 


153 


35 


•93599 


160 


•09942 


159 


•36331 


158 


•42466 


158 


•58643 


158 


36 


•93872 


164 


•103 14 


163 


•36503 


163 


•43736 


163 


•58913 


162 


37 


•94145 


169 


•10486 


168 


•36773 


167 


•43006 


167 


•59181 


167 


38 


•94418 


173 


•10758 


172 


•37044 


171 


•43276 


171 


-59450 


171 


39 


•94690 


178 


•IIO3O 


177 


•27315 


176 


-43546 


176 


.59719 


175 


40 


•94962 


183 


•II303 


i8i 


•37586 


180 


•43816 


180 


•59988 


»79 


41 


^•95235 


187 


7^"574 


186 


7-27857 


185 


7-44086 


185 


7-60357 


184 


43 


•95508 


191 


•I 1846 


190 


•38138 


189 


•44356 


189 


•60536 


188 


43 


•95781 


196 


•I3II7 


*95 


•28399 


194 


•44636 


194 


•60795 


193 


44 


•96054 


300 


•13388 


199 


•38670 


198 


•44896 


198 


•61064 


197 


*! 


•96336 


304 


•13660 


203 


•38941 


303 


•45166 


203 


•61333 


202 


46 


•96598 


309 


•13933 


308 


•39313 


207 


•45436 


307 


•61603 


206 


47 


•96871 


213 


•13204 


313 


•39483 


311 


•45706 


313 


•61871 


211 


48 


•9714* 


217 


•13476 


3l6 


-29754 


215 


-45976 


3l6 


•63140 


315 


49 


•97417 


333 


•13748 


331 


•30035 


330 


-46346 


331 


•63409 


2 30 


50 


•97690 


337 


•14030 


336 


•30396 


225 


•46516 


225 


•63678 


324 


51 


6-97963 


231 


7-14291 


330 


7-30566 


339 


7-46786 


330 


7-62947 


229 


52 


•98234 


236 


•14563 


235 


•30836 


234 


•47056 


234 


•63316 


233 


53 


•98507 


341 


•14834 


340 


•3II07 


239 


•47325 


339 


•63485 


238 


54 


•98780 


245 


•15 106 


244 


•3^378 


243 


•47594 


243 


-63754 


242 


55 


•99052 


250 


•15378 


249 


•31649 


348 


•47864 


248 


•64033 


247 


56 


•99324 


^^1 


•15650 


253 


•31930 


252 


•48134 


353 


•64392 


251 


57 


•99597 


358 


•15931 


^7 


•32I9I 


356 


•48404 


257 


•64561 


256 


58 


•99870 


363 


•16193 


363 


•32463 


361 


•48674 


361 


•64830 


260 


)^ 


7-00143 


368 


•16464 


267 


-32732 


366 


•48944 


366 


•65098 


265 


60 


•00414 


273 


•16736 


272 


•33003 


371 


•49214 


270 


•65366 


269 
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Parts 




Pkrts 




FkrtB 




Parts 




Parts 


Mln. 


4iO 


for 
It 


48° 


for 
If 


4»« 


ftar 
ft 


4«o 


tor 
tf 


48° 


for 
If 







7*65366 





7-81462 





7-97498 





8-13474 





8-29386 


I 


•65635 


5 


•81730 


5 


•97765 


4 


•13739 


4 


•39651 


4 


3 


•65904 


9 


•81998 


9 


•98032 


8 


•14004 


8 


•29916 


8 


I 


•66173 


14 


•83366 


14 


•98299 


13 


•14270 


13 


•30181 


13 


4 


•66442 


18 


•83534 


18 


•98566 


17 


•14536 


17 


•30446 


17 


5 


•66711 


23 


•83801 


33 


•98832 


22 


• 14802 


22 


-30710 


22 


6 


•66980 


^7 


•83068 


27 


•99098 


26 


•15068 


26 


•30974 


26 


7 


•67348 


31 


•83336 


31 


•99365 


30 


•15333 


30 


•31339 


30 


8 


•67516 


36 


•83604 


36 


•99632 


35 


•15598 


35 


•31504 


35 


9 


•67785 


40 


•83872 


40 


•99899 


39 


•15864 


39 


•31768 


39 


10 


•68054 


45 


•84140 


45 


8'ooi66 


44 


•16130 


44 


•32032 


44 


II 


7-68333 


50 


7.84407 


50 


8^00432 


49 


8^16396 
•16662 


49 


8-32297 


49 


13 


•68590 


54 


•84674 


54 


•00698 


53 


53 


•32563 


53 


13 


•68859 


59 


•84942 


59 


•00965 


58 


•16927 


58 


•33836 


i^ 


14 


•69128 


63 


•85310 


63 


•01232 


62 


•17192 


62 


•33090 


63 


15 


•69396 


67 


•85477 


67 


•01498 


66 


•17458 


66 


•33355 


66 


16 


•69664 


7J 


•85744 


71 


•01764 


70 


•17724 


70 


•33620 


70 


17 


•69933 


76 


•86012 


76 


•02031 


75 


•17989 


75 


•33884 


75 


18 


•70202 


80 


•86280 


80 


•02298 


79 


•18254 


79 


•34148 


79 


19 


•70470 


?^ 


•86547 


85 


•02564 


84 


•185 19 


84 


-34413 


84 


30 


•70738 


89 


•86814 


89 


•02830 


88 


•18784 


88 


•34678 


88 


21 


7*71007 


94 


7-87082 


94 


8-03096 


93 


8^19050 


93 


8-34943 


93 


32 


•71376 


98 


•87350 


98 


•03362 


97 


•19316 


97 


•35206 


97 


^3 


•7I54* 


103 


•87617 


103 


•03629 


102 


•19581 


102 


•35470 


102 


34 


•71813 


107 


•87884 


107 


•03896 


106 


•19846 


106 


-35734 


106 


25 


•73080 


112 


•88I5I 


112 


•04162 


III 


•20111 


III 


-35998 


III 


36 


•73348 


J16 


•88418 


116 


•04428 


115 


•20376 


"5 


•36262 


115 


»7 


•72617 


121 


•88686 


131 


•04694 


120 


•20642 


120 


•36527 


120 


38 


•72886 


125 


•88954 


"5 


•04960 


124 


•20908 


124 


•36792 


124 


39 


•73154 


130 


•89221 


130 


•05227 


129 


•21173 


128 


•37056 


138 


30 


•73433 


134 


•89488 


134 


'05494 


133 


•21438 


132 


•37320 


133 


31 


7-73690 


139 


7-89755 


139 


8*05760 


138 


8-21703 


137 


8-37584 


137 


32 


•73958 


143 


•90022 


143 


•06026 


142 


•21968 


141 


•37848 


141 


33 


•74326 


148 


•90289 


148 


•06292 


147 


•22233 


146 


•38112 


146 


34 


•74494 


152 


•90556 


152 


•06558 


151 


•22498 


150 


•38376 


150 


35 


•74763 


'F 


•90824 


157 


•06824 


156 


•22763 


155 


•38640 


155 


36 


•75032 


i6i 


•91093 


161 


•07090 


160 


•23028 


159 


•38904 


159 


37 


•75300 


166 


•91359 
•91636 


166 


•07359 


165 


•23294 


164 


•39168 


164 


38 


•75568 


170 


170 


•07622 


169 


•23560 


168 


•39432 


168 


39 


•75836 


175 


•91893 


174 


•07889 


^73 


•23825 


172 


•39696 


172 


40 


•76104 


179 


•93160 


178 


•08156 


177 


•24090 


176 


•39960 


176 


41 


7 •76372 


184 


7-92427 


183 


8^08422 


182 


8*24355 


181 


8^40224 


181 


43 


•76640 


188 


•92694 


187 


•08688 


186 


•24620 


185 


•40488 


185 


43 


•76908 


193 


•92961 


192 


•08954 


191 


•24885 


190 


•40752 


190 


44 


•77176 


197 


•93228 


196 


•09220 


195 


•25150 


194 


•41016 


194 


*i 


•77444 


ao3 


•93495 


201 


•09486 


200 


•25415 


199 


•41280 


199 


46 


•77712 


206 


•93763 


205 


•09752 


204 


•25680 


203 


•41544 


203 


47 
48 


•77980 
•78348 


211 

215 


•94029 
•94296 


210 
214 


•10018 
• 10284 


209 
213 


•25944 
•26208 


208 
212 


•41808 
•42072 


208 
212 


49 


•78516 


219 


•94563 


218 


•10550 


217 


•26473 


216 


•42336 


216 


50 


•78784 


223 


•94830 


222 


•10816 


221 


•26738 


220 


•42600 


220 


51 


7-79052 


228 


7-95097 


227 


8*iio8i 


226 


8-27003 


225 


8^42863 


224 


5^ 


•79330 


232 


•95364 


231 


•11346 


230 


•27268 


229 


•43126 


228 


53 


•79588 


237 


•95631 


236 


•11612 


235 


•27533 


234 


•43390 


233 


54 


•79856 


241 


•95898 


240 


•11878 


239 


•27798 


238 


•43654 


237 


55 


•80124 


246 


•96165 


245 


•12144 


344 


•28063 


343 


•43918 


242 


56 


•80392 


250 


•96432 


249 


•I 2410 


248 


•28328 


247 


•44182 


246 


57 


•80659 


255 


•96698 


254 


•12676 


253 


•28593 


252 


•44446 


251 


58 


•80926 


259 


•96964 


258 


•12942 


257 


•28858 


257 


•44710 


256 


59 


•81194 


264 


•97231 


263 


•13208 


262 


•29122 


261 


•44973 


260 


60 


•81462 


268 


•97498 


267 


-13474 


266 


•29386 


265 


•45236 


264 
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APP. I* 







Parte 




Parts 




FtttB 




Parts 




Parts 


Min. 


60° 


for 

H 



61° 


tor 

n 


62° 


tor 


53° 


tor 

n 


640 


tor 


O 


8*45236 


8^61022 





8*76742 





8-92396 





9-07982 





I 


•45500 


4 


•61285 


4 


-77004 


4 


•92656 


4 


•08241 


4 


2 


•45764 


8 


•61548 


8 


•77266 


8 


•92916 


8 


•08500 


8 


3 


•46028 


13 


•61810 


13 


•77527 


13 


•93176 


12 


•08759 


12 


4 


•46292 


17 


•62072 


17 


•77798 


17 


•93436 


16 


•09018 


16 


5 


•46555 


22 


•62335 


22 


* 78049 


22 


•93697 


21 


•09277 


21 


6 


•46818 


26 


•62598 


26 


•78310 


26 


•93958 


25 


•09536 


25 


7 


•47082 


30 


•62860 


30 


•78572 


30 


•94218 


29 


•09795 


29 


8 


•47346 


35 


•63122 


35 


•78834 


35 


•94478 


34 


• 10054 


34 


9 


•47609 


39 


•63384 


39 


* 79095 


39 


•94738 


38 


•10313 


38 


lO 


•47872 


44 


•63646 


44 


•79356 


44 


•94998 


43 


•10572 


43 


II 


8-48135 


49 


8*63909 


48 


8-79617 


48 


8-95258 


47 


9*10831 


47 


12 


•48398 


53 


•64172 


52 


•79878 


52 


-95518 


51 


•I 1090 


51 


n 


•48662 


58 


•64434 


57 


•80139 


57 


•95778 


56 


•I1349 


56 


14 


•48926 


62 


•64696 


61 


•80400 


61 


•96038 


60 


•I1608 


60 


'5 


•49189 


66 


•64958 


65 


•80662 


65 


-96298 


64 


•II867 


64 


i6 


'49452 


70 


•65220 


69 


-80924 


69 


-96558 


68 


•I2126 


68 


I? 


•49716 


75 


•65483 


74 


•81185 


74 


•96818 


73 


-"385 


73 


i8 


•49980 


79 


•65746 


78 


•81446 


78 


•97078 


77 


-12644 


77 


19 


•50243 


84 


•66008 


83 


•81707 


83 


•97338 


82 


* 12902 


82 


20 


•50506 


88 


•66270 


87 


•81968 


87 


•97598 


86 


•13160 


86 


21 


8-50769 


93 


8^66532 


92 


8^ 82229 


92 


8-97858 


91 


9-13419 


91 


22 


•51032 


97 


•66794 


96 


•82490 


96 


•98118 


95 


•13678 


95 


n 


•51295 


102 


•67056 


lOI 


•82751 


lOI 


•98378 


100 


•13937 


100 


24 


•51558 


106 


•67318 


105 


-83012 


105 


•98638 


104 


* 141 96 


104 


25 


•51822 


III 


•67580 


no 


-83273 


no 


-98898 


109 


•14455 


109 


26 


•52086 


"5 


•67842 


114 


•83534 


114 


•99158 


114 


•14714 


113 


27 


•52349 


120 


•68104 


119 


•83795 


119 


•99418 


118 


* 14972 


118 


28 


•52612 


124 


•68366 


123 


•84056 


123 


•99678 


122 


•15230 


122 


29 


•52875 


128 


•68628 


"7 


•84317 


127 


•99937 


126 


•15489 


126 


30 


•53138 


132 


•68890 


131 


-84578 


131 


9-00196 


130 


•15748 


130 


31 


8-53401 


136 


8*69152 


135 


8-84839 


135 


9-00456 


134 


9*16007 


134 


32 


•53664 


140 


.69414 


139 


•85100 


139 


•00716 


138 


•16266 


138 


33 


•53927 


145 


•69676 


144 


•85360 


144 


•00976 


143 


•16524 


143 


34 


•54190 


149 


•69938 


148 


•85620 


148 


•01236 


147 


•16782 


147 


35 


•54453 


154 


•70200 


153 


•85881 


153 


•01496 


152 


•I 7041 


152 


36 


•54716 


158 


•70462 


157 


•86142 


157 


•01756 


156 


•17300 


156 


37 


•54979 


163 


•70724 


162 


•86403 


162 


•02015 


161 


•17558 


161 


38 


•55242 


167 


•70986 


166 


•86664 


166 


•02274 


165 


•I7816 


165 


39 


•55505 


171 


•71248 


170 


•86925 


170 


•02534 


169 


•18075 


169 


40 


•55768 


175 


•71510 


174 


•87186 


174 


•02794 


173 


•18334 


173 


41 


8-56031 


180 


8-71772 


179 


8^87446 


178 


9*03053 


177 


9^18592 


177 


42 


-56294 


184 


•72034 


183 


•87706 


182 


•03312 


181 


•18850 


181 


43 


•56557 


189 


•72295 


188 


•87967 


187 


•03572 


186 


•19 108 


186 


44 


•56820 


193 


•72556 


192 


•88228 


191 


•03832 


190 


•19366 


190 


45 


•57082 


198 


*728i8 


197 


•88489 


196 


•04091 


195 


* 19625 


'95 


46 


•57344 


202 


• 73080 


201 


•88750 


200 


•04350 


199 


•19884 


199 


47 


•57607 


207 


•73342 


206 


•89010 


205 


•04610 


204 


* 20142 


204 


48 


•57870 


211 


* 73604 


210 


•89270 


209 


•04870 


208 


•20400 


208 


49 


•58133 


215 


•73865 


214 


•89531 


213 


•05129 


2X2 


•20658 


212 


50 


•58396 


219 


•74126 


218 


•89792 


217 


•05388 


216 


•20916 


216 


51 


8*58659 


22} 


8-74388 


222 


8*90052 


221 


9-05648 


220 


9^2ii74 


220 


52 


•58922 


227 


•74650 


226 


•90312 


225 


•059 :>8 


214 


•21432 


224 


53 


•59184 


232 


* 74912 


231 


•90573 


230 


•061 (.7 


229 


•21690 


229 


54 


•59446 


236 


•75174 


2J5 


•90834 


234 


•06426 


233 


•21948 


233 


55 


•59709 


241 


•75435 


240 


•91094 


239 


•06685 


238 


•22207 


238 


56 


•59972 


245 


•75696 


244 


•91354 


243 


•06944 


242 


•22466 


242 


57 


•60235 


250 


•75958 


249 


•91615 


248 


•07203 


247 


•22724 


247 


58 


•60498 


255 


•76220 


254 


•91876 


25} 


•07462 


252 


•22982 


251 


59 


•60760 


259 


•76481 


258 


•92136 


257 


•07722 


256 


•23240 


255 


60 


•6ro22 


263 


•76742 


262 


•92396 


261 


•07982 


260 


•23498 


259 
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FWtB 




Parts 




Parts 




Parts 




Partfl 


Mln. 


56<» 


tor 


6«° 


tor 

n 


51° 


tor 
ft 


680 


tor 


69» 


for 
It 







9-23498 





9-38944 





9-54318 





9^69620 





9-84848 


I 


•^3756 


4 


•39200 


4 


•54573 


4 


•69874 


4 


•8510I 


4 


1 


•24014 


8 


•39456 


8 


•54828 


8 


•70128 


8 


•85354 


8 


3 


•24272 


Z2 


•39713 


12 


•55084 


12 


•70382 


12 


•85607 


12 


4 


•24530 


16 


•39970 


16 


•55340 


16 


•70636 


16 


•85860 


16 


5 


•24788 


21 


•40227 


21 


•55596 


21 


•70891 


21 


•86113 


21 


6 


•25046 


25 


•40484 


25 


•55852 


25 


-71146 


25 


•86366 


25 


7 


•25303 


29 


•40741 


29 


•56107 


29 


•71400 


29 


•86619 


29 


8 


•25560 


34 


•40998 


34 


•56362 


34 


•71654 


34 


•86872 


34 


9 


•25818 


38 


•41254 


38 


•56617 


38 


-71908 


38 


•87125 


38 


10 


•26076 


43 


•415" 


43 


•56872 


42 


•72162 


42 


•87378 


42 


II 


9-26334 


47 


9-41767 


47 


9-57128 


47 


9-72416 


47 


9-87631 


46 


12 


•26592 


51 


•42024 


51 


•57384 


51 


-72670 


5' 


•87884 


50 


13 


•26850 


f^ 


•42281 


55 


-57639 


55 


•72925 


55 


•88137 


54 


14 


•27108 


60 


-42538 


59 


•57894 


59 


•73180 


59 


•88390 


58 


15 


•27366 


64 


•42794 


^J 


•58150 


63 


•73434 


63 


•88643 


62 


16 


*'7S2^ 


68 


•43050 


67 


'^l^ 


67 


•73688 


67 


•88896 


66 


'7 


•27881 


73 


•43307 


72 


•58661 


72 


•73942 


72 


•89149 


71 


18 


•28138 


77 


•43564 


76 


•58916 


76 


•74196 


76 


•89402 


75 


19 


•28396 


82 


•43820 


81 


•59171 


81 


-74450 


81 


•89654 


8b 


20 


•28654 


86 


•44076 


85 


•59426 


85 


•74704 


85 


•89906 


84' 


21 


9*28912 


90 


9^44332 


89 


9^59681 


89 


9-74958 


89 


9*90159 


89 


22 


•29170 


94 


•44588 


H 


-59936 


93 


•75212 


93 


•90412 


92 


23 


•29427 


99 


•44845 


98 


•60192 


97 


•75466 


97 


•90665 


96 


24 


•29684 


103 


•45102 


102 


•60448 


lOI 


•75720 


lOI 


•90918 


100 


^5 


•29942 


108 


•45358 


107 


•60703 


106 


•75974 


106 


•9I170 


105 


26 


•30200 


112 


•45614 


III 


•60958 


no 


•76228 


no 


•91422 


109 


V 


•30457 


"7 


•45870 


n6 


•61213 


"5 


•76481 


"5 


•91675 


114 


28 


•30714 


121 


•46126 


120 


•61468 


119 


•76734 


119 


•91928 


118 


^9 


•30972 


125 


•46383 


124 


•61723 


123 


•76988 


123 


•92181 


122 


30 


•31230 


129 


•46640 


128 


•61978 


127 


•77242 


127 


•92434 


126 


31 


9-31487 


133 


9-46896 


132 


9-62233 


131 


9*77496 


131 


9^92686 


130 


32 


•31744 


137 


•47153 


136 


•62488 


135 


•77750 


135 


•92938 


134 


33 


•32001 


142 


•47408 


141 


•62743 


140 


•78004 


139 


•93191 


138 


34 


•32258 


146 


•47664 


145 


•62998 


144 


•78258 


143 


•93444 


142 


35 


•32516 


151 


•47920 


150 


•63253 


149 


•78512 


148 


•93696 


147 


36 


•52774 


'?^ 


•48176 


154 


•63508 


153 


•78766 


152 


•93948 


151 


37 


•33031 


160 


•48432 


159 


•63763 


158 


•79019 


157 


•94200 


156 


38 


•33288 


164 


•48688 


163 


•64018 


162 


•79272 


161 


-94452 


160 


39 


•33545 


168 


•48944 


167 


•64272 


166 


•79526 


165 


•94705 


164 


40 


•33802 


172 


•49200 


171 


•64526 


170 


•79780 


169 


•94958 


168 


41 


9-34059 


176 


9-49456 


1 75 


9-64781 


174 


9-80033 


173 


9^95210 


172 


42 


•34316 


180 


•49712 


179 


•65036 


178 


•80286 


177 


•95462 


176 


43 


•34574 


185 


•49968 


184 


•65291 


183 


•80540 


182 


-957'4 


180 


44 


•34832 


189 


•50224 


188 


•65546 


187 


•80794 


186 


•95966 


184 


45 


•35089 


194 


•50480 


193 


•65801 


192 


•81047 


191 


•96219 


189 


46 


•35346 


198 


•50736 


197 


•66056 


196 


•81300 


'95 


•96472 


«93 


47 


•35603 


203 


•50992 


202 


•66310 


201 


•81554 


200 


•96724 


198 


48 


•35860 


207 


•51248 


206 


•66564 


205 


•81808 


204 


•96976 


202 


49 


•36117 


211 


•51504 


210 


•66819 


209 


•82061 


208 


•97228 


206 


50 


-36374 


215 


•51760 


214 


•67074 


213 


•82314 


212 


•97480 


210 


51 


9-36631 


219 


9^52016 


218 


9-67329 


217 


9-82568 


216 


9-97732 


214 


52 


•36888 


223 


•52272 


222 


•67584 


221 


•82822 


220 


•97984 


218 


53 


•37145 


227 


•52528 


226 


•67838 


225 


•83075 


224 


•98236 


222 


54 


•37402 


231 


•52784 


230 


•68092 


229 


•83328 


228 


•98488 


226 


55 


•37659 


236 


•53039 


235 


•68347 


234 


•83581 


233 


•98740 


231 


56 


•37916 


240 


•53294 


239 


•68602 


238 


•83834 


237 


•98992 


235 


57 


•38173 


245 


•53550 


244 


•68856 


243 


•84087 


242 


•99244 


240 


58 


-38430 


H9 


•53806 


248 


•69110 


247 


•84340 


246 


•99496 


244 


59 


•38687 


253 


•54062 


252 


-69365 


251 


-84594 


250 


•99748 


248 


60 


-38944 


257 


•54318 


256 


•69620 


255 


•84848 


254 


10. 00000 


252 
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Table M. — Tables shawing the length in feet of a degree, mtmUe, and 
second oflkUitude and longitude, for every ten minutes of the quadrant. 
Based on the Ordnance Oeodetieal Tables^ compression 7^. By Bobert 
C. Carrington, F.B.G.8^ F.A.S.L. 



LATITUDE. 


LONGITUDE. 1 


LAtltvde. 


Length In Feet of 


a 


Latitode> 


Length In Feet of a 




Degree. 


Minute. 


Second. 




Degree. 


Minute. 


SecoDd. 


O*' 0' 


362755-6 


6045-93 


lOO'77 


(y> o' 


365333-7 


6087-23 


101-454 


10 


362755-6 


-6045-93 


100-77 


lo 


365232-1 


6087-20 


101-453 


20 


362755-7 


6045*93 


100-77 


20 


365227-5 


6087-13 


101-451 


30 


362755-9 


6045-93 


100-77 


30 


365219-9 


6087-00 


101*450 


40 


362756-1 


6045-93 


100*77 


40 


365209-1 


6086-82 


101.447 


50 


362756-4 


6045-94 


100-77 


50 


365195-3 


6086-59 


101*443 


r 0' 


362756-7 


6045-94 


100-77 


r 0' 


365178-4 


6086 -3r 


IOI-438 


10 


362757-1 


6045-95 


100-77 


10 


364158-5 


6085-98 


101-433 


20 


362757-6 


6045-96 


100-77 


20 


365135-5 


6085*59 


101-427 


30 


362758-1 


6045-97 


100*77 


30 


365109-4 


6085-16 


101*419 


40 


362758-7 


6045 -9B 


100-77 


40 


365080-2 


6084-67 


101-411 


50 


362759-4 


6045-99 


100-77 


50 


365048*0 


6084- 13 


101-402 


2^ 0' 


362760-1 


6046-00 


100-77 


2^ 0' 


365012-7 


6083-54 


101-392 


10 


362760*9 


6046-01 


ioo"77 


10 


364974-3 


6082-91 


101-381 


30 


362761-7 


6046-03 


100-77 


20 


364932-9 


6082*22 


101-370 


30 


362762-6 


6046-04 


100-77 


30 


364888-4 


6081*47 


101-358 


40 


362763-6 


6046-06 


100*77 


40 


364840-8 


6080-68 


101-345 


50 


362764-6 


6046*08 


100.77 


50 


364790*2 


6079-84 


101*331 


8*** 0' 


362765-7 


6046-09 


100-77 


30 0' 


364736*5 


6078*94 


101-316 


10 


362766-9 


6046* II 


100-77 


10 


364679*8 


6076-00 


101 • 300 


20 


362768-1 


6046-13 


100-77 


20 


364619-9 


6077-00 


101-283 


30 


362769-4 


6046-16 


100-77 


30 


364557-0 


6075-95 


loi - 266 


40 


362770-7 


6046*18 


100*77 


40 


364491-1 


6074-85 


101-248 


50 


362772-1 


6046-20 


100-77 


50 


364422-1 


6073-70 


101*228 


^o 0' 


362773-6 


6046-23 


100*77 


^o 0' 


364350-0 


6072-50 


101-208 


10 


362775-1 


6046* 25 


100-77 


10 


364274-9 


6071-25 


101-187 


so 


362776-7 


6046-28 


100-77 


20 


364196-7 


6069*95 


101*166 


30 


362778-3 


6046-30 


100-77 


30 


364115-4 


6o68*59 


101-143 


40 


362780*0 


6046-33 


100-77 


40 


364031 -I 


6067-19 


101-120 


50 


362781*8 


6046-36 


100-77 


50 


363943-7 


6065-73 


101-096 
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LATITUDE. 


LONGITUDE. 1 


UUtnde. 


UngUitnFeetof 


a 


Latitude. 


Length in Feet of a 


Degree. 


Minute. 


N 

Second. 


Degree. 


Minute. 


Second. 


6« 0' 

10 
10 


362783-6 
362785-5 

362787-5 


6046-39 
6046-42 
6046-46 


100-77 
100-77 
100-77 


5° o' 

10 

20 


363853-2 

363759-7 
363663-2 


6064-22 
6062-66 
6061-05 


101-070 
101-044 
IOI-O18 


30 
40 


362789-5 
362791-6 


6046-49 
6046-53 


100-77 
100-78 


30 

40 


363563-5 
363460-9 


6059-39 
6057-68 


100-990 
100.961 


50 
e*' 0' 


362793-7 
362795-9 


6046-56 
6046-60 


100.78 
100-78 


50 

6^ 0' 


363355.1 
363246-3 


6055-92 
6054-11 


100-932 
100-902 


10 
10 


362798-2 
362800-5 


6046-64 
6046-68 


100-78 
100-78 


10 
20 


363134-5 
363019-6 


6052-24 
6050-33 


100-871 
100-839 


30 


362802-9 


6046-72 


100*78 


30 


362901-7 


6048-36 


100 '806 


40 
50 

T 0' 


362805-4 
362807*9 
362810-4 


6046-76 
6046-80 
6046*84 


100-78 
100-78 
100-78 


40 

50 
T> 0' 


362780-7 
362656-6 
362529-5 


6046-35 
6044- 38 
6042-16 


roo-772 
100-738 
100-703 


10 

ao 


362813*1 
362815*2 


6046-89 
6046-93 


100-78 
100-78 


10 

20 


362399-4 
362266-2 


6039-99 
6037-77 


100-667 
100-630 


30 


362818*5 


6046-98 


100-78 


30 


362130-0 


6035-50 


100-592 


40 
50 


362821-3 
362824* a 


6047-02 
6047*07 


100-78 
100-78 


40 
50 


361990-7 
361848-4 


6033-18 
6030-81 


100-553 
100-513 


8° 0' 
10 


362827-1 
362830-1 


6047-X2 
6047-17 


100-79 
ioo«79 


8*' 0' 
10 


361703-0 
361554-6 


6028-38 
6025-91 


100-473 
100-433 


20 
30 


362833*2 
362836-3 


6047-32 
6047-27 


ioo«79 
100-79 


20 
30 


361403-2 
361248-7 


6023-39 
6020-81 


100-390 
100-347 


40 


362839-4 


6047-33 


200-79 


40 


361091-2 


6018-19 


100-303 


50 


362842-7 


6047-38 


100-79 


50 


360930-6 


6015-51 


100-258 


9<* 0' 


362846-0 


6047-43 


10O-79 


r 


360767-0 


6012-78 


100-213 


10 


362849-3 


6047-49 


100-79 


10 


360600-4 


6010-01 


100-167 


20 
30 


362852-7 
362856-2 


6047-55 
6047-60 


IOO-79 
100-79 


20 
30 


360430-7 
360258*0 


6007-18 
6004-30 


100-120 
100-072 


40 


362859-7 


6047-66 


100-79 


40 


360082-3 


6001-37 


100*023 


50 
lO^o' 

10 


362863-3 
362866-9 
362870-7 


6047-73 

6047-78 
6047-85 


100-80 
ioo«8o 
ioo-8o 


50 
10 


359903-5 
359721-7 

359536-7 


5998-39 
5995-36 
5992-28 


99-973 
99-933 
99-871 


20 

30 
40 

50 


362874-4 
362878-2 
362882-1 
362886-1 


6047-91 

6047-97 
6048-04 
6048-10 


ioo»8o 
100-80 
100-80 
100-80 


20 

30 

40 

50 


359349-1 
359158-3 
358964-4 
358767-5 


5989-15 
5985-97 
5983-74 
5979-46 


99-819 
99-766 
99-712 
99-658 
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LATITUDB. 


LONGITUDE. 1 


Latitude. 


Length In Feet Of 


* 


Letftwdft. 


Length in Feet of a 


Degree. 


Minute. 


Second. 


Degree. 


Minute. 


Second. 


ll**o' 


363890*1 


6048-17 


100-80 


ll^'o' 


358567-6 


5976*13 


99-603 




10 

30 


363894*1 
363898-3 


6048-33 
6048*30 


100-80 
100 -80 


20 
30 


358364*7 
358158*7 


597'* 75 
5969-31 


99-546 
99*489 




30 
40 


362903-4 
363906-6 


6048*37 
6048-44 


100-81 
100*81 


30 

40 


357949*8 
357737*8 


5965*83 
5963-30 


99*431 
99*37' 


12< 


50 

'0' 


363910-9 
363915*2 


6048-53 
6048.59 


I00-8I 
100-81 


50 

IS^'o' 


35 75 "-8 
357304*8 


5958*71 
5955*08 


99*3" 
99*251 




10 


362919 6 


6048-66 


100-81 


10 


357083*9 


5951-40 


99-190 




30 
30 


362924-1 
362928*6 


6048-74 
6048-81 


I00-8I 
100-81 


30 
30 


356859*9 
356633-9 


5947-67 
5943*88 


99*128 
99*065 


18^ 


40 
50 

»o' 

10 


362933-' 
362937*8 
362942*5 
362947*' 


6048-89 
6048-96 
6049-04 
6049-13 


100-81 
100-83 
100 -83 
100-83 


40 
50 

18^ 0' 
10 


356403-9 
356x69-9 

355933*9 
355694-9 


5940-05 

5936*17 
5933-33 
5938-35 


99-OOI 
98*936 
98-871 
98*804 




30 

30 
40 


362952-0 

362956*9 
362961-8 


6049-30 
6049-38 
6049-36 


100-83 
100-83 

100-83 


30 
30 
40 


35545'*9 
355307-9 

354959*9 


59'4-" 
5930-13 
59x6-00 


98*737 
98-669 
98-600 


1« 


50 

»o' 


362966-8 
362971*8 


6049-45 
6049-53 


100-83 
100-83 


50 
14^0' 


354709*0 
354455-1 


59ZI-83 
5907-59 


98-530 
98*460 




10 


362976-9 


6049* 63 


TOO -83 


10 


354198*1 


5903-30 


98-388 




30 


363983-0 


6049*70 


100-83 


30 


353938*3 


5898*97 


98-316 




30 
40 

50 


363987*3 
363993*4 
363997*7 


6049*79 
6049*87 
6049-96 


100-83 
100-83 
100-83 


30 
40 
50 


353675*3 
353409*4 
353140*6 


5894*59 
5890-16 
5885-68 


98*243 
98-169 

98-095 


16' 


^o' 


363003-1 


6050-05 


100-83 


W'^o' 


353868-8 


5881-15 


98-019 




10 


363008-5 


6050-14 


100-84 


10 


35'594*i 


5876-57 


97-943 




20 


363013*9 


6050-33 


100*84 


30 


35'3i6-3 


5871-94 


97*866 




30 


363019-4 


6050-33 


100-84 


30 


353035*6 


5867-36 


97-788 




40 


363035-0 


6050-43 


100-84 


40 


351751*9 


5863-53 


97-709 


16 


50 

»o' 


363030-6 
363036-3 


6050-51 
6050-61 


100-84 
100-84 


50 

16^ 0' 


351465-3 
35"75*7 


5857*76 
585'*93 


97-629 
97*549 




10 


363043-0 


6050-70 


100-84 


10 


350883-1 


5848-05 


97-468 




30 


363047*8 


6050-80 


100-85 


30 


350587-6 


5843*13 


97.386 




30 


363053-6 


6050-89 


100-85 


30 


350389-1 


5838-15 


97*303 




40 


363059-3 


6050-99 


100-85 


40 


349987-7 


5833-13 


97*319 




50 


363065-4 


6051-09 


100-85 


50 


349683*4 


5838-06 


97-134 
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LONGITUDE. 


Latttnde 


Length In Feet ol 


* 


Latitude. 


Length in Feet Of ft 




• 






-/ 










Minute. 


Second.: 




Degree. 


Minute. 


Second. 


170 0' 


363071-4 


6051-19 


100-85 


170 0' 


349376*0 


5833-93 


97*049 


10 


363077-4 


6051-39 


100-85 


10 


349065-8 


5817-76 


96-963 


io 


363083-5 


6051-39 


IOO-86 


30 


348753-6 


5813-54 


96-876 


30 


363089-7 


6051-50 


100-86 


30 


348436-5 


5807-38 


96-788 


40 


363095-9 


60$ I -60 


100-86 


40 


348117-4 


5801-96 


96-699. 


50 


363103*1 


6051-70 


100-86 


50 


347795-4 


5796-59 


96-610 


18«o' 


363108*4 


6051-81 


100-86 


18^ 0' 


347470-5 


5791-18 


96-530 


10 


363 1 14' 8 


6051-91 


100-87 


10 


347143-6 


5785-71 


96-439 


30 


363i3i*3 


6053*03 


100-87 


30 


346811-8 


5780-30 


96-337 


30 


363137-6 


6053-13 


100-87 


30 


346478-1 


5774-64 


96-344 


40 


363 134* I 


6053-34 


100-87 


40 


346141-5 


5769-03 


96-150 


50 


363140-7 


6053-35 


100-87 


50 


345801-9 


5763-37 


96-056 


iro' 


363147-3 


6053*46 


100-87 


19^0' 


345459-5 


5757-66 


95-961 


10 


363153-9 


6053-57 


100-88 


10 


345 "4- 1 


5751*90 


95-865 


30 


363160-6 


6053-68 


100-88 


30 


344765-8 


5746*10 


95-768 


30 


363167-4 


6053-79 


100-88 


30 


344414-6 


5740-34 


95-671 


40 


363174-3 


6053-90 


100-88 


40 


344060-6 


5734-34 


95-573 


50 


363181-0 


6053-03 


100-88 


50 


343703-6 


5738-39 


95-473 


20^0' 


363187-9 


6053-13 


100*89 


20^0' 


343343-7 


5733-40 


95-373 


10 


363194-8 


6053-35 


100*89 


10 


343980-9 


5716-35 


95-171 


ao 


363301-8 


6053-36 


100-89 


30 


343615-3 


5710-35 


95-373 


30 


363308-8 


6053.48 


100*89 


30 


343346-7 


5704-11 


95*069 


40 


363215-9 


6053-60 


100-89 


40 


341875-3 


5697-93 


94-965 


50 


363333-1 


6053-73 


100-90 


50 


341500-9 


5691*68 


94-861 


21^0' 


363330-3 


6053-84 


zoo-90 


210 0' 


341133-7 


5685-40 


94-756 


10 


363337-5 


6053-96 


100-00 


10 


340743-6 


5679-06 


94-651 


ao 


363344-7 


6054-08 


100*90 


30 


340360-6 


5673*68 


94-545 


30 


363353-1 


6054-30 


100*90 


30 


339974-8 


5666-35 


94-438 


40 


363359-4 


6054*33 


ioo«9i 


40 


339586-1 


5659-77 


94-330 


,. ^"^ 


363366-8 


6054-45 


100-91 


50 


339194-5 


5653-34 


94-331 


aa'^o' 


363374-3 


6054*57 


100-91 


22° 0' 


338800-1 


5646-67 


94-111 


10 


363381-8 


6054-70 


100*91 


10 


338403-8 


5640-05 


94*001 


30 


363389-3 


6054- 83 


100-91 


30 


338003-7 


5633-38 


93.890 


30 


363396-9 


6054-95 


100-93 


30 


337599-7 


5636*66 


93-778 


4<> 


363304-6 


6055*08 


100-93 


40 


337i93'9 


5619-90 


93-665 


50 


363313-3 


6055-30 


100*93 


50 


336785-3 


5613*09 


93-551 
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LATITUDE. 


LONGITUDE. 1 


LaUtade. 


Length In Feet of 


ft 


Lfttttode. 


Length in Feet of ft 


Degree. 


Mlnnte. 


SeooDd. 




Degree. 


Minute. 


Seoood. 


28^ o' 


363320-0 


6055-33 


100.93 


28- o' 


336373-6 


5606-33 


93-437 


lO 


363337-7 


6055-46 


100-93 


10 


335959-3 


5599-32 


93-322 


30 


363335 -5 


6055-59 


100-93 


30 


335542-1 


5592-37 


93-206 


30 


363343-4 


6055.73 


100-93 


30 


335123-0 


5585-37 


93-089 


40 


36335^-3 


6055.86 


100-93 


40 


334699-2 


5578-32 


93-973 


50 


363359-2 


6055.99 


100.93 


50 


334273-5 


557'-23 


93-854 


24*^0' 


363367-2 


6056.13 


100-94 


24^0' 


333845-0 


5564-08 


92-735 


10 


363375-2 


6056-35 


100-94 


10 


333413-7 


5556-89 


92*615 


30 


363383-3 


6056.39 


100-94 


30 


332979-5 


5549-66 


92-494 


30 


363391-4 


6056-52 


100-94 


30 


332542-6 


5542-38 


92-373 


40 


363399-6 


6056.66 


100-94 


40 


333103*8 


5535-05 


92-251 


50 


363407-8 


6056-80 


100-95 


40 


331660-3 


5527-67 


93-138 


26^ 0' 


363416-0 


6056-93 


IOO-95 


26^ 0' 


331214-9 


5520*25 


92*004 


10 


363424*3 


6057.07 


IOO-95 


10 


330766-7 


5512.78 


91-879 


30 


363432-6 


6057.31 


IOO-95 


30 


330315-8 


5505-26 


91-754 


30 


363440-9 


6057.35 


ZOO' 96 


30 


339863-0 


5497-70 


91*638 


40 


363449-3 


6057.49 


100-96 


40 


339405-5 


5490-09 


91*503 


50 


363457-7 


6057.63 


100-96 


50 


328946-2 


5482-44 


91-374 


26*^0' 


363466-3 


6057.77 


100*96 


26<'o' 


328484-1 


5474-74 


91*245 


10 


363474-7 


6057-91 


100-97 


10 


338019*3 


5466-99 


91-116 


30 


363483-3 


6058-06 


100-97 


30 


327551-6 


5459.19 


90-987 


30 


363491-9 


6058-20 


100-97 


30 


327081*2 


5451-35 


90*856 


40 


363500-5 


6058.34 


100-97 


40 


336608-0 


5443-47 


90-734 


50 


363509-2 


6058.49 


100-97 


50 


336133*1 


5435-54 


90-593 


2ro' 


363517-9 


6058-63 


100-98 


27° o' 


325653-4 


5427-56 


90-459 


10 


363526*6 


6058-78 


100-98 


10 


325171-9 


5419-53 


90-326 


30 


363535-4 


6058-92 


100-98 


30 


324687-7 


5411-46 


90-191 


30 


363544-2 


6059-07 


100-98 


JO 


334300*8 


5403-35 


90-056 


40 


363553-0 


6059.33 


100*99 


40 


333711-3 


5395-19 


89-930 


50 


363561-9 


6059-37 


100-99 


50 


333318*8 


5386-98 


89-783 


28^ 0' 


363570-8 


6059.51 


100*99 


28° 0' 


322723.6 


5378-73 


89-645 


10 


363579-8 


6059-66 


100.99 


10 


322335.7 


5370-43 


89-507 


30 


363588-8 


6059.81 


101*00 


30 


331735-1 


5362-09 


89*368 


30 


363597-8 


6059-96 


101-00 


30 


33X331-8 


5353-70 


89*338 


40 


363606-8 


6060-11 


loi-oo 


40 


320715-8 


5345-26 


89.0S8 


50 


363615-9 


6060-37 


loi-oo 


50 


330307- I 


5336-78 


88-946 
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LATITUDE. 




LONGirUDE. 


Utttode. 


Length In Feet of 


ft 


Latltniie. 


Length in Feet of ft 


Degree. 


MInnte. 


Second. 


Degree. 


Minute. 


Second. 


29^0' 


363635*0 


6060*43 


IOI*OI 


29«o' 


319695*6 


5338*36 


88-804 


10 


363634-3 


6060*57 


101*01 


10 


319181*5 


5319*69 


88-661 


30 


363643*4 


6o6o* 72 


101*01 


30 


318664-6 


5311-08 


88-518 


30 


363653*6 


6o6o*88 


101*01 


30 


318145*1 


5303-43 


88-374 


40 


363661*9 


6061*03 


101-03 


40 


317633*8 


5393-71 


88-229 


50 

80^0' 


363671*3 
363680*5 


6061*19 
6061 '34 


101*03 
101*03 


50 
80^0' 


317097*9 
316570*3 


5384-97 
5376-17 


88 '083 
87-936 


10 

20 


363689*9 
363699*3 


6061-50 
6061 -66 


101*03 
101*03 


10 
ao 


316040-0 
315507-0 


5367-3J 
5358-45 


87-789 
87-641 


30 


363708*7 


6061 -81 


101.03 


30 


314971-4 


5349*53 


87*493 


40 


363718*1 


6o6i*97 


101*03 


40 


314433-1 


5340-55 


87*343 


50 


363737-6 
363737*1 


6063*13 
6063*39 


101*04 

ioi»04 


50 

8ro' 


313892*1 
313348-5 


5331-54 
5333*48 


87*193 
87-041 


10 


363746*7 


6062-45 


IOI-04 


10 


312802*2 


5"3-57 


86-889 


30 


363756-3 


6063*60 


IOI-04 


30 


313353*3 


5304-33 


86-737 


30 


363765-8 


6062*76 


101*05 


30 


311701*7 


5195-03 


86-584 


40 


363775-4 


6063*93 


101*05 


40 


311147-5 


5185.79 


86-430 


50 

82^ 0' 


363785-1 
363794*8 


6063*09 
6063*35 


101*05 
101*05 


50 

82° 


310590-7 
310031-2 


5176*51 
5167*19 


86*375 
86*119 


10 


363804-5 


6063*41 


ioi*o6 


ID 


309469* I 


5157*83 


85*963 


20 
30 


363814-3 
3638x4-0 


6063-57 
6063-73 


101*06 

IOT*o6 


30 
30 


308904-4 
308337-1 


5 148 '41 
5138-95 


85*807 
85*649 


40 


363833-8 


6063-90 


101*07 


40 


307767-3 


5 "9-45 


85-491 


50 


363843-6 


6064-06 


101-07 


50 


307194-6 


$119*91 


85-333 


88^0' 


363853-5 


6064*33 


101*07 


88^0' 


306619-5 


5110*33 


85*173 


TO 


363863*4 


6064-39 


101*07 


10 


306041-7 


5100- 70 


85*011 


30 
30 


363873-3 
363883-3 


6064-56 
6064-73 


101 -08 
101 -08 


30 
30 


305461-4 
304878-5 


5091*03 
5081*31 


84-850 
84-688 


40 


363893-1 


6064-89 


loi *o8 


40 


304393-0 


5071-55 


84-536 


50 


363903*1 


6065-05 


101 '08 


50 


303704-9 


5061*75 


84-363 


84^ 0' 


363913-1 


6065*32 


101*09 


84° 0' 


303 "4- 3 


5051*90 


84-198 


10 


363933- I 


6065*39 


101*09 


10 


303521-0 


5043*03 


84-034 


30 


363933-3 


6065*55 


101*09 


30 


301935-3 


5033*09 


83*868 


30 


363943-3 


6065-73 


101 * 10 


30 


301336*8 


5033-11 


83-703 


40 


363953-3 


6065*89 


101*10 


40 


300735*9 


5012-10 


83*535 


50 


363963-4 


6o66*o6 


101* 10 


50 


300133*4 


5002-04 


83-367 
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LATITUDB. 


LONGITCDE. 


LAtitnde. 


Length In Feet of ft 


LftUtnde. 


Length In Feet of ft 


Degree. 


Mlnnte. 


Seoonfl. 


Degree. 


Mlnnte. 


Second. 


86° o' 


363973-6 


6066-23 


101 • 10 


86° 0' 


299516-4 


4991-94 


83*199 


lO 


363983-7 


6066*40 


lOI-II 


10 


298907-8 


4981-80 


83*030 


20 


363993-9 


6066-57 


lOl'II 


20 


298296*8 


4971-61 


82*860 


30 


364004*1 


6066-74 


lOI-II 


30 


297683-1 


4961-38 


82*690 


40 
50 

ggoo, 


3640I4'3 
364024*6 

364034-9 


6066-91 
6067-08 
6067-25 


IOI-I2 
I0I-I2 
IOI-I2 


40 
50 

86° 0' 


297067-0 
296448-4 
295827-2 


4951-13 
4940-81 
4930-45 


82-519 
82-347 
82-174 


10 


364045-1 


6067-42 


101-12 


10 


295203-5 


4930-06 


82*001 


30 
30 


364055-4 
364065-8 


6067-59 
6067-76 


I0I-I3 
IOI-13 


20 
30 


394577-3 
393948*7 


4909-63 
4899*15 


81-827 
81-652 


40 
50 

8r 0' 


364076*1 
364086-4 
364096-8 


6067-94 
6068-11 
6068-28 


101-13 

101-14 
101-14 


40 
50 

8ro' 


293317-5 
292683-8 

292047-7 


4888*63 
4878-06 
4867.46 


81-477 
81-301 
81*124 


10 
30 


364107-2 
364117-6 


6068-45 
6068-63 


101-14 
101-14 


10 
20 


291409-0 
390767-9 


4856-82 
4846-13 


80*947 
80-769 


30 


364128-1 


6068 -80 


101-15 


30 


290124-4 


4835-41 


80*590 


40 


364138-5 


6068*98 


101-15 


40 


289418-3 


4824-64 


80*411 


50 


364149-0 


6069-15 


101-15 


50 


288829*8 


4813-83 


80*231 


88° 


364159-5 


6069-33 


101-16 


88° 0' 


288178*9 


4802-98 


80-050 


10 
20 


364170-0 
364180-5 


6069-50 
6069-68 


101-16 
101 -16 


10 
20 


387535-5 
286869-7 


4792*09 
4781-16 


79-868 
79-686 


30 


36419^-0 


6069-85 


101-16 


30 


286211*4 


4770-19 


79-503 


40 


364301-5 


6070-03 


101-17 


40 


285550-7 


4759.18 


79-320 


50 
89° 0' 


364212*1 
364222-6 


6070-20 
6070-38 


101-17 
101-17 


50 
89* 0' 


284887-0 
284222*0 


4748*13 
4737-03 


79-136 
78*951 


10 


364333-3 


6070-55 


101-18 


10 


383554-0 


4735-90 


78*765 


20 


364343-8 


6070-73 


101*18 


20 


242883-7 


4714-73 


78-579 


30 


364254-4 


6070-91 


101-18 


30 


282210*9 


4703-53 


78*393 


40 


364365-1 


6071-09 


101*18 


40 


381535-8 


4692-26 


78-204 


50 
40° 0' 


364375*7 
364286-3 


6071-27 
6071-44 


101-19 
101 • 19 


50 
40° 0' 


280858-2 
280178-2 


4680*97 
4669-64 


78*016 
77-837 


zo 


364297-0 


6071-62 


101*19 


10 


379495-9 


4658-27 


77-638 


20 

30 


364307-7 
364318-3 


6071-80 
6071-97 


101 ^20 
101 - 20 


20 
30 


278811-2 
278124-1 


4646-85 
4635-40 


77-448 
77-357 


40 


364339-0 


6072-15 


101 -20 


40 


377434-7 


4623-91 


77-065 


50 


364339-7 


6072-33 


JOl-21 


50 


276742-9 


4612*38 


76.873 
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LATITUDE. 


LONGITUDE. 


Latitude. 


Length In Feet of ft 


Latitude. 


Length In Feet of a 




MInut-. 


Second. 


r 


Minute. 


Second. 


4r 0' 


364350-4 


6072-51 


101-21 


41° 0' 


276048-7 


4600-81 


76-680 


10 
20 


364361*1 
364371-9 


6072-69 
6072-87 


ioi-2r 

101-21 


10 
20 


275352-2 
274653-4 


4589-20 
4577-56 


76-480 
76*293 


30 


364382-6 


6073-04 


101-22 


30 


273952-2 


4565-87 


76-098 


40 


364393-4 


6073-22 


101-22 


40 


273248-7 


4554-75 


75-902 


50 


364404-1 


6073-40 


101*22 


50 


272542-9 


4542-38 


75-706 


4^0 0' 


364414-9 


6073-58 


101-23 


42° 


271834-7 


4530-58 


75-509 


10 


364425-6 


6073-76 


101-23 


lO 


271124-3 


4518-74 


75-312 


20 


364436-4 


6073-94 


IOT-23 


20 


270411-5 


4506-86 


75-"4 


30 


364447-2 


6074-12 


loz • 24 


30 


269696-4 


4494-94 


74-916 


40 


364458*0 


6074*30 


TOI-24 


40 


268979-1 


4432-99 


74-717 


50 

48^0' 


364468*8 
364479-6 


6074-48 
6074-66 


101-24 

101-24 


50 

48° 


268259-5 
267537-5 


4470-99 
4458-96 


74-517 
74-316 


10 


364490-4 


6074-84 


10I-25 


10 


266813-3 


4446-89 


74-115 


20 


364501 '2 


6075 '02 


101-25 


20 


266086*8 


4434-78 


73-913 


30 


364512-0 


6075-20 


101-25 


30 


265358-1 


4422*64 


73-7" 


40 


364522-8 


6075-38 


101-26 


40 


264627-1 


4410-45 


73-508 


50 


364533-6 


6075.56 


101-26 


50 


263893-8 


4398-23 


73-304 


440 


364544-4 


6075-74 


101-26 


44° 


263158-3 


4385-97 


73-100 


10 

20 


364555-2 
364566-1 


6075-92 
6076-10 


101-27 
101-27 


10 

20 


262420*5 
261680-6 


4373-68 
4361-34 


72-895 
72-689 


30 


364576-9 


6076-28 


101-27 


30 


260938-4 


4348-97 


72-483 


40 


364587-7 


6076-46 


IOT-27 


40 


260193-9 


4336-57 


72-276 


50 
45° 


364598-5 
364609-4 


6076-64 
6076-82 


101-28 

101-28 


50 
45° 


259447-3 
258698-4 


4324-12 
43"-64 


72-C69 
71-861 


10 


364620*2 


6077-00 


101-28 


10 


257947-3 


4299-12 


71-652 


20 


364631-0 


6077-18 


IOI»29 


20 


257x94-1 


4286-57 


71-443 


30 


364641 '9 


6077-37 


101-29 


30 


256438-6 


4273-98 


71-233 


40 


364652-7 


6077-55 


101*29 


40 


255681-0 


4261-35 


. 71-022 


50 


364663-5 


6077-73 


101-30 


50 


254921-2 


4248-69 


70-811 


46° 0' 


364674-4 


6077-91 


101-30 


46° 


254159-2 


4235-99 


70-600 


10 


364685-2 


6078-09 


101-30 


10 


253395-0 


4223.25 


70.388 


20 


364696-0 


6078-27 


101 •30 


20 


252628-7 


4210-48 


70-175 


30 

40 


364706-8 
364717*7 


6078-45 
6078-63 


I0I-3I 
101-31 


30 

40 


251860*2 
25T089-6 


4197-67 
4184-83 


69-961 
69-747 


50 


364728-5 


6078-81 


IOI-3I 


50 


250316-8 


4i7»-95 


69-532 
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LATITUDE. 


ft 


LONGITUDE. 


LftUtnde. 


Length In Feet of 


Latitude. 


Length in Feet of ft 




Degree. 


Minute. 


Second. 




Degree. 


Minnte. 


Seoood. 


47° O' 


364739-3 


6078-99 


101-32 


47° o' 


249541-9 


4159-03 


69-317 


lO 


364750'! 


6079-17 


101-32 


10 


248764-9 


4x46-08 


69-101 


20 


364760-9 


6079-35 


101-32 


20 


247985-8 


4133-10 


68-885 


30 


364771-7 


6079-53 


101-33 


30 


247304-5 


4120-08 


68-668 


40 


364782-5 


6079-71 


fOl-33 


40 


246421-2 


4x07-02 


68-450 


50 


364793-3 


6079-89 


IOI-33 


50 


345635-8 


4093-93 


68-232 


48^0' 


364804-1 


6080-07 


101-33 


48° o' 


244848-2 


4080-80 


68-013 


10 


364814-9 


6080 • 25 


101-34 


10 


244058-5 


4067-64 


67-794 


20 


364825-6 


6080-43 


101-34 


20 


243266-8 


4054-45 


67-574 


30 


364836-4 


6080-61 


101-34 


30 


242473-0 


4041-22 


67*353 


40 


364847-1 


6080-79 


101-35 


40 


341677-1 


4027-95 


67-132 


50 


364857-9 


6080-97 


101-35 


50 


240879-2 


4014-65 


66-911 


49° 0' 


364868-6 


6081-14 


101-35 


49° 0' 


240079-2 


4001-32 


66-689 


10 


364879-4 


6081-32 


101-36 


10 


239277-1 


3987-95 


66-466 


20 


364890-1 


6081-50 


101-36 


20 


238473-1 


3974-55 


66-243 


30 


364900-8 


6081 -68 


101-36 


30 


237667.0 


3961-12 


66-018 


40 


364911-5 


6081-86 


101-36 


40 


236858-9 


3947-65 


65-794 


50 


3649" '2 


6082-04 


IOI-37 


50 


236048-7 


3934-15 


65-569 


50° 0' 


364933-9 


6082-22 


101-37 


60° 0' 


235336-5 


3920-61 


65-343 


10 


364943-6 


6082-39 


IOI-37 


10 


334432-3 


3907-04 


65-117 


20 


364954-3 


6082-57 


101-38 


20 


233606-1 


3893-44 


64-890 


30 


364964-9 


6082.75 


101-38 


30 


232787-9 


3879-80 


64-663 


40 


364975-5 


6082-93 


101-38 


40 


23x967-8 


3866-13 


64-435 


50 


364986-2 


6083 • 10 


101-38 


50 


331145-7 


3853-43 


64-207 


61° 0' 


364996*8 


6083-28 


101-39 


61° 0' 


230521-4 


5838-69 


63-978 


10 


365007-4 


6083-46 


101-39 


10 


339495-3 


3824-93 


63-749 


20 


365018-0 


6083-63 


101-39 


20 


228667-2 


3811-12 


63-519 


30 


365028-6 


6083-81 


101-40 


30 


227837-3 


3797-29 


63-288 


40 


365039-1 


6083-99 


101-40 


40 


227005.3 


3783-43 


63-057 


50 


365049-7 


6084-16 


101-40 


50 


226171-4 


3769-53 


62-825 


62° 


365060-2 


6084-34 


101-41 


62° 0' 


335335-5 


3755-59 


62-593 


10 


365070-7 


6084-51 


101-41 


10 


334497-7 


3741-63 


62-360 


20 


365081-2 


6084-69 


101-41 


20 


223658-1 


3737-64 


62-127 


30 


365091-7 


6084-86 


101-41 


30 


222816-5 


3713-61 


61-893 


40 


365102-2 


6085-04 


roz-42 


40 


221973-0 


3699-55 


61-659 


50 


3651:2-7 


6085-21 


101-42 


50 


221127*6 


3685-46 


61-424 
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LATiraDE. 


LONorraDE. 




Length In Feet of 


ft 




Length In Feet of ft | 


Latttnde. 








Lfttitnde. 












Minnte. 


Second. 




Degree. 


Mlnnte. 


Second. 


68° o' 


365123-1 


6085-39 


101*43 


68° 0' 


220280-3 


3671-34 


61-189 


10 


365133-6 


6085-56 


101-43 


10 


219431-1 


3657-19 


60-953 


20 


365144*0 


6085-73 


101-43 


a. 


218580-0 


3643-00 


60.717 


30 


365154-4 


6085*91 


101*43 


30 


217727-I 


3628-79 


60-480 


40 


365164-7 


6086-08 


101-43 


40 


216872*3 


3614*54 


6o- 242 


50 


365175-1 


6086-25 


IOI-44 


50 


216015-7 


3600-26 


60-004 


64° o' 


365185-4 


6086*42 


101-44 


64° 0' 


215157-2 


3585-95 


59*766 


lO 


365195-7 


6086-60 


IOI-44 


10 


214296*9 


3571-62 


59-527 


20 


365206-1 


6086-77 


101-45 


20 


213434-7 


3557-25 


59-287 


30 


365216-3 


6086-94 


101-45 


30 


212570-7 


3542-85 


59-047 


40 


365226-6 


6087-11 


101-45 


40 


211704-9 


3528-42 


58*807 


50 


365236-8 


6087-28 


101-45 


50 


210837-3 


3513-96 


58-566 


86° 0' 


365247*0 


6087-45, 


101-46 


66° 0' 


209968-0 


3499*47 


58*324 


10 


365257-2 


6087-62* 


101*46 


10 


209096-8 


3484-95 


58*082 


20 


365267-4 


6087-79 


101-46 


20 


208223-8 


3470-40 


57*840 


30 


365277-6 


6088-96 


101-47 


30 


207349-0 


3455-82 


57*597 


40 


365287-7 


6088-13 


101-47 


40 


206472-5 


3441-21 


57*353 


50 


365297-8 


6088-30 


101*47 


50 


205594-2 


3426-57 


57-109 


66° 0' 


365307-9 


6088-47 


101 -47 


66° 0' 


204714-0 


3411-90 


56-865 


10 


365218-0 


6088-63 


101-48 


10 


203832-2 


3397-20 


56*620 


20 


365328-0 


6088 -80 


101-48 


20 


202948-6 


5382-48 


56-375 


30 


365338-0 


6088-97 


101-48 


30 


202063*3 


3367-72 


56-129 


40 


365348-0 


6089-13 


101-49 


40 


201176-2 


3352-94 


55*882 


50 


365358-0 


6089-30 


101-49 


50 


200287*4 


3338-12 


55-635 


67° 0' 


565367-9 


6089-47 


101-49 


67° 0' 


199396-9 


3323-28 


55*388 


10 


365377-8 


6089*63 


101-49 


10 


198504-7 


3308-41 


55*140 


20 


365387-7 


6089*80 


ior-50 


20 


197610-8 


3293-51 


54-892 


30 


365397-6 


6089-96 


101-50 


30 


196715-3 


3278-59 


54-643 


40 


365407-4 


6090-12 


101-50 


40 


195817*9 


3263*63 


54.394 


50 


365417-2 


6090- 29 


101-50 


50 


194919-0 


3248*65 


54-144 


58° 0' 


365427-0 


6090-45 


101-51 


68° 0' 


194018-3 


3233-64 


53-643 


ro 


365436-8 


6090*61 


101-5T 


10 


193116-0 


3218*60 


53-643 


20 


365446-5 


6090-78 


101-51 


20 


192212-1 


3203-54 


53*392 


30 


365456-2 


6090-94 


101-52 


30 


191306-5 


3188-44 


53-141 


•40 


365465-9 


6091 -II 


101-52 


40 


190399*3 


3173-32 


52*889 


50 


365475-5 


6091*26 


101-52 


50 


189490-4 


3158-17 


52-636 
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LATITUDE. 


LONOITUDE- 


I^tltade. 


Length in Feet ol 


'a 


I^W^nA^ 


Length In Feet of A 




Degree. 


Minnte. 


Second. 




Degree. 


Minnie. 


SeooDd. 


59° o' 


365485-1 


6091-42 


101-52 


bVo' 


188579-9 


3143*00 


53-383 


lO 


365494-7 


6091-58 


IOI-53 


10 


187667-8 


3127-80 


53130 


ao 


3655<H-3 


6091-74 


IOI-53 


20 


186754- I 


3112-57 


51-876 


30 


3655i3*8 


6091-90 


IOI-53 


30 


185838-8 


3097-31 


51-622 


40 


365533-3 


6092-06 


101-53 


40 


184931-9 


4082-03 


51-367 


50 


365532-8 


6092-21 


IOI-54 


50 


184003-4 


3066-72 


51-112 


9ffo' 


365542-2 


6092-37 


101-54 


60^ 0' 


183083-3 


3051-59 


50-856 


10 


365551-6 


6092-53 


IOI-54 


10 


182161-6 


3036-03 


50-600 


ao 


365561-0 


6092-68 


101-54 


20 


181238-4 


3020-64 


50- 344 


30 


365570-3 


6092-84 


101-55 


30 


180313.7 


3005-23 


50-087 


40 


365579-6 


6092-99 


IOI-55 


40 


179387-4 


2989-79 


49-830 


50 


3655«8-9 


6093-15 


101-55 


50 


178459-5 


3974-33 


49-572 


61^ 0' 


365598-1 


6093-30 


101-56 


er 0' 


177530-1 


2958-84 


49*314 


10 


365607-3 


6093-46 


101-56 


10 


176599-3 


3943-33 


49-055 


20 


365616-5 


6093-61 


101-56 


20 


175666-8 


3937-78 


48-796 


30 


365625-7 


6093 76 


101-56 


30 


174733-8 


2912-21 


48-537 


40 


365634-8 


6093-91 


101-57 


40 


173797-4 


2896-62 


48-277 


50 


365643-9 


6094-07 


IOI-57 


50 


172860-5 


2881-01 


48*017 


62^0' 


365652-9 


6094-23 


101-57 


62° 0' 


171922-1 


2865-37 


47-750 


10 


365661-9 


6094-37 


IOI-57 


10 


170982-2 


2849-70 


47 '495 


20 


365670-9 


6094-52 


101-58 


20 


170040-9 


2834-02 


47-334 


30 


365679-8 


6094*66 


101-58 


30 


169098-1 


2818-30 


46-973 


40 


365688-7 


6094-81 


101-58 


40 


168153-8 


2802-56 


46-709 


50 


365697-6 


6094-96 


101-58 


50 


167208-1 


2786-80 


46*447 


68^ 


365706-4 


6095-11 


101-59 


68° 0' 


166261*0 


2771*01 


45-184 


10 


365715-2 


6095-25 


101-59 


10 


165312*4 


2755-21 


45*930 


20 


365733-9 


6095-40 


10I-59 


20 


164362-5 


2739-38 


45-656 


30 


365732-6 


6095-54 


101-59 


30 


163411-1 


2723-52 


45-393 


40 


365741-3 


6095-69 


101-59 


40 


162458-4 


2707-64 


45-127 


50 


365749-9 


6095-83 


101-60 


50 


161504-2 


2691-74 


44-862 


64^0 


365758-5 


6095-98 


ioi-6o 


64° 0' 


160548-6 


2675-81 


44-587 


10 


365767-1 


6096-12 


101-60 


10 


159591-6 


2659*86 


44-331 


20 


365775-6 


6096-26 


101-60 


20 


158633*2 


2643-89 


44-065 


30 


365784-1 


6096-40 


ioi-6i 


30 


157673-5 


2627*90 


43-798 


40 


365793-6 


6096-54 


101-61 


40 


156712-5 


2611*88 


43-531 


50 


^65801-0 


6096-68 


101-61 


50 


155750-1 


2595-84 


43-264 
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LATirUDE. 


LONGITUDE. 


Utltode. 


Length in Feet of a 


LaUtode. 


Length in Feet of a 


Degree/ 


Mlnnto. 


Second. 


Degree. 


Minnte. 


Second. 


66^0' 


365809-3 


6096-82 


I0l-6l 


66^0' 


154786-3 


2579-77 


42-996 


lO 

ao 


365817-6 
365825-9 


6096-96 
6097-10 


{OI-62 
IOI«63 


10 
20 


153821-2 
152854-8 


2563-69 
2547-58 


42-728 
42-460 


30 


365834-3 


6097-24 


101-62 


30 


I5I887-2 


2531-45 


42-191 


40 


365842-4 


6097-37 


IOI-62 


40 


150918*3 


2515-30 


41-922 


50 

ero- 


365850-5 
365858-6 


6097-51 
6097-64 


101-63 
101-63 


50 
66° 


149947-9 
148976-3 


2499-13 
2482-94 


41-652 
41-382 


10 


365866-7 


6097-78 


101-63 


10 


148003-4 


2466-72 


41-II2 


20 


365874-7 


6097-91 


101-63 


20 


147029-3 


2450-49 


40-841 


30 


365882-7 


6098-05 


101-63 


30 


146053-9 


2434-23 


40-570 


40 


365890-7 


6098-18 


101-64 


40 


145977-3 


2417-96 


40-299 


50 


365898*6 


6098-31 


101-64 


50 


144099-3 


2401-66 


40-028 


er 0' 


365906-4 


6098-44 


101-64 


67° 


I43K30-3 


2385-34 


39*756 


10 


365914-3 


6098-57 


101-64 


10 


142x39-8 


2369-00 


39-483 


20 


365922-0 


6098-70 


101-65 


20 


I4II58-2 


2352-64 


39-211 


30 


365929-8 


6098 -83 


101-65 


30 


140175-4 


2336-26 


38-938 


40 


365937-4 


6098-96 


101-65 


40 
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LATITUDE. 


LONGITUDB. 


Latitude. 


Length In Feet oi 


'ft 


Latltode. 


Length in Feet of a 




Degree. 


Minate. 


Second. 




/ 

Degiee. 


Minute. 


Second. 
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LATITUDE. 


LONGITUDE. 


Lattfeode. 


Length in Feet of A 


Latitude. 


Length in Feet of a 




Minute. 


Second. 
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Table O.— i>tp Table for calcidatian of Heights to 30 miles. 
Dip in feet = 0*8815 d* (in miles). 



DM. 


Dip In 
feet. 


Diet. 


Dip In 
feet. 


Dl8t. 


^^*" 


Dist. 


Dip in 
feet. 


Dbt. 


Dip in 


I 


0-9 


lOj 


97 


16* 


240 




398 


26 


596 


li 


2'0 


II 


107 


i6l 


H7 




407 


26* 


607 


2 


35 


II* 


117 


17 


'55 




417 


26* 


619 


2* 


5*5 


13 


127 


17* 


262 




427 


26I 


631 


3 


7-9 


I2j 


138 


17* 


270 




436 


27 


643 


3i 


lO-S 


13 


149 


I7J 


278 




446 


27* 


655 


4 


14- 1 


I3i 


155 


18 


286 
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27* 
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4i 


17-8 


13* 


161 


18* 


294 




466 


27J 


679 


5 


32'0 


i3i 
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18* 


302 




476 


28 


691 


5» 


26-6 


14 


173 


i8f 


310 
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28* 


703 


6 


31-7 


I4i 


179 


19 


318 




497 


28* 


716 


6* 


37"3 


I4l 


185 


19* 


337 


24 


507 


28f 


729 


7 


43-1 


I4f 


192 


19* 


335 


H* 


518 


29 


741 


Ik 


49-6 


15 


198 


i9f 


344 


24* 


529 


29* 


754 


8 


56-4 


i5i 


205 


20 


353 


Hf 
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29* 


767 


8* 


63-7 


15* 


212 


20} 


361 


25 


551 


29f 


780 


9 


71 


i5f 


219 


20i 


370 


25* 


562 


30 


793 


9i 


79 


i6 


226 


20l 


379 


25* 


573 






lO 


88 


i6* 


233 


21 


388 


25f 


584 
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Table Q. — Table of Diitances at which Objects can he Seen at Sea, 
according to their respective Elevations and (he ElewUion of the 
Eye of ihe Observer. 



Height 

in 
Feet. 


DistAttoe 

In English or 

Statute 

Miles. 


Dirtanceln 

Geographical 

or Nautical 

Miles. 


Height 

in 
Feet. 


Distance 

SUtute 
Miles. 


Distance in 

Oeographlcal 

orNaotical 

Miles. 


5 


2-958 


2-565 


100 


13-228 


11-47 


lO 


4-184 


3*628 


110 


13-874 


12-03 


n 


5-133 


4-443 


120 


14-490 


12*56 


20 


5-916 


5-130 


130 


15-083 


13-08 


25 


6614 


5 736 


140 


15-653 


13-57 


30 


7-245 


6-283 


150 


16-201 


14-22 


35 


7-826 


6-787 


200 


18-708 


16-22 


40 


8-366 


7-255 


250 


20-916 


18*14 


45 


8-874 


7-696 


300 


22-912 


19-87 


50 


9'354 


8-II2 


350 


24-748 


21-46 


55 


9*8ii 


8-509 


400 


26-457 


22-94 


60 


10-246 


8-886 


450 


28-062 


24-33 


65 


1.0 -665 


9-249 


500 


29-580 


2565 


70 


11-067 


9-598 


550 


36-024 


26-90 


75 


11-456 


9-935 


600 


32-403 


28-10 


80 


11-832 


10-26 


650 


33-726 


29-25 


85 


12-196 


10-57 


700 


35-000 


30-28 


90 


12-549 


10-88 


800 


37-416 


32-45 


95 


12-893 


11-18 


900 


39-836 


34-54 








1000 


41-833 


36-28 



Example, — A tower 150 feet high will be visible to an observer whose eye 
is elevated 15 feet above the water 19 nautical miles; thus, from the Table : 
15 feet elevation distance visible 4*44 nautical miles. 
150 .. .. 14-22 „ 

18-66 
From Admiralty Tablet, 
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Table K— 


True DepresBwn or . 




Height. 


Dep. 


SqnAie. 


Height 


Dep. 


Square. 


Height. 


Dep. 


Square. 


Dep. 


Square. 


ft. 


I 


I 


ft. 
3293 


61 


3721 


ft. 
13966 


121 


14641 


t 
181 


32761 


3-5 


2 


4 


3403 


62 


3844 


13183 


122 


14884 


183 


33124 


8.0 


3 


9 


3513 


f5 


3969 


13197 


123 


15129 


183 


33489 


14-3 


4 


16 


3924 


64 


4096 


13615 


124 


15376 


184 


33856 


32*1 


5 


»5 


3740 


65 


4225 


13836 


125 


15625 


185 


34225 


31-9 


6 


36 


3855 


66 


4356 


1406 1 


126 


15876 


186 


34596 


43'3 


7 


49 


3974 


67 


4489 


14383 


127 


16139 


187 


34969 


56-6 


8 


64 


4093 


68 


4624 


14502 


128 


16384 


188 


35344 


7i'7 


9 


81 


4313 


69 


4761 


14737 


139 


1 6641 


189 


35721 


88-5 


10 


TOO 


4337 


70 


4900 


14970 


130 


16900 


190 


36100 


107 


II 


121 


4461 


71 


5041 


15197 


131 


17161 


191 


36481 


"7 


12 


144 


4587 


72 


5184 


15439 


133 


17424 


192 


36864 


149 


n 


169 


4716 


73 


5329 


15664 


133 


17689 


193 


37249 


174 


14 


196 


4846 


74 


5476 


15901 


134 


17956 


194 


37636 


199 


15 


'25 


4976 


75 


5625 


16139 


135 


18225 


195 


38025 


226 


16 


256 


5112 


76 


5776 


16380 


136 


I8496 


196 


38416 


156 


17 


289 


5H9 


77 


5929 


16632 


137 


18769 


197 


38809 


•287 


18 


324 


5385 


78 


6084 


16866 


138 


19044 


198 


39204 


319 


19 


361 


5534 


79 


6241 


I7III 


139 


19321 


199 


39601 


354 


20 


400 


5665 


^ 


6400 


17362 


140 


19600 


200 


40000 


390 


21 


441 


5808 


81 


6561 


17608 


141 


16881 


20I 


40401 


428 


22 


484 


5953 


82 


6724 


17860 


143 


20164 


202 


40804 


468 


33 


529 


6098 


83 


6889 


I8III 


143 


20449 


203 


41209 


510 


24 


576 


6246 


84 


7056 


I8366 


144 


20736 


204 


41616 


550 


2$ 


625 


6394 


85 


7225 


18622 


145 


21035 
31316 


205 


42025 


598 


26 


676 


6547 


86 


7396 


18878 


146 


206 


42436 


645 


37 


739 


6700 


87 


7569 


1 9140 


147 


31609 


207 


42849 


694 


28 


784 


6855 


88 


7744 


I940I 


148 


21904 


208 


43264 


744 


29 


841 


7012 


89 


7921 


19664 


149 


22201 


209 


43681 


797 


30 


900 


7172 


90 


8100 


19930 


150 


22500 


210 


44100 


850 


31 


961 


7332 


91 


8281 


20197 


151 


22801 


211 


44521 


906 


32 


1024 


'rd 


92 


8464 


20465 


153 


23104 


212 


44944 


964 


33 


1089 


93 


8649 


20736 


153 


23409 


213 


45369 


1023 


34 


1156 


7824 


94 


8836 


21008 


154 


23716 


214 


45796 


1084 


35 


1225 


7987 


95 


9025 


31282 


155 


24025 


315 


46225 


1147 


36 


1296 


8158 


96 


9316 


21558 


156 


24336 


3I6 


46656 


1211 


37 


1369 


8330 


97 


9409 


21836 


157 


24649 


317 


47089 


1278 


38 


1444 


8504 


98 


9604 


22II5 


IS8 


24964 


3I8 


47534 


1346 


39 


1521 


8678 


99 


9801 


23397 


159 


25281 


219 


47961 


1416 


40 


i6oo 


8852 


100 


lOOOO 


22680 


160 


25600 


220 


48400 


1487 


41 


1681 


9032 


lOl 


I020I 


22964 


161 


25921 


221 


48841 


1561 


42 


1764 


9210 


102 


10404 


33251 


162 


26244 


222 


49384 


1636 


43 


1849 


9393 


103 


10609 


23540 


163 


26569 


233 


49739 


1713 


44 


1936 


9577 


104 


108 1 6 


23830 


164 


26896 


224 


50176 


1792 


^f 


2025 


9760 


105 


11025 


24I2I 


165 


27225 


225 


50635 


1872 


46 


2116 


9951 


106 


11236 


24415 


166 


27556 


226 


51076 


1954 


47 


2209 


IOI35 


'°2 


1 1449 


247II 


167 


27889 


"7 


51539 


2039 


48 


2304 


10325 


108 


11664 


25008 


168 


28224 


228 


51984 


2124 


49 


2401 


105 18 


109 


1 188 1 


^5307 


169 


28561 


229 


52441 


2212 


50 


2500 


20712 


no 


12100 


25608 


170 


28900 


230 


53900 


2301 


5» 


2601 


10908 


III 


12321 


259II 


171 


29241 


331 


53561 


2393 


52 


2704 


1 1105 


112 


12544 


26215 


172 


39584 


232 


53834 


2485 


53 


3809 


1 1 304 


"3 


12769 


26521 


173 


39929 


333 


54389 


2581 


54 


2916 


11506 


114 


12996 


26829 


174 


30376 


234 


54756 


2677 


55 


3025 


II 700 


"5 


13335 


27139 


175 


30635 


235 


55225 


2775 


56 


3136 


11913 


116 


13465 


27451 


176 


30976 


236 


55696 


2875 


57 


3246 


12120 


"7 


13689 


27764 


177 


31329 


237 


56169 


2977 


58 


3364 


12338 


118 


13934 


28079 


178 


31684 


238 


56644 


3081 


!^ 


3481 


13538 


119 


14161 


28396 


179 


32041 


239 


57131 


3186 


60 


3600 


12749 


120 


14400 


28715 


180 


33400 


240 


57600 
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Table S. — Angles subtended at different distances hy a pole ten feet w 

length. 



Yds. 


Angle. 


Yds. 


Angle. 


Yds. 


Angle. 


Yds, 


Angle. 




• 


, 


H 




• t 


H 




• / 


n 




• / rr 


17 


II 


25 


20 


92 


2 05 


CO 


167 


I 08 


46 


242 


47 26 


18 


10 


23 


20 


93 


2 02 


50 


168 


I 08 


00 


243 


47 08 


20 




00 


00 


95 


2 00 


40 


170 


I 07 


24 


245 


46 48 


32 




47 


48 


97 


I 58 


30 


172 


I 06 


44 


247 


46 28 


23 




10 


18 


98 


I 56 


30 


173 


I 06 


04 


248 


46 08 


25 




37 


54 


loi 


I 54 


30 


175 


I 05 


30 


250 


45 48 


27 




09 


10 


102 


I 52 


40 


177 


I 04 


40 


252 


45 50 


28 




45 


48 


103 


I 50 


54 


178 


I 04 


16 


253 


45 12 


30 




21 


36 


105 


I 49 


00 


180 


I 03 


40 


255 


44 ^4 


32 




01 


32 


107 


I 47 


20 


182 


I 03 


04 


257 


44 38 


33 




43 


28 


108 


I 45 


44 


183 


I 02 


30 


258 


44 20 


35 




27 


10 


110 


I 44 


10 


185 


I 01 


56 


260 


44 03 


37 




12 


20 


112 


I 42 


20 


187 


I 01 


22 


262 


43 50 


38 




58 


44 


"i 


I 41 


00 


188 


I 00 


50 


263 


43 36 


40 




46 


j6 


115 


I 39 


40 


190 


I 00 


18 


265 


4J 14 


43 




34 


50 


"7 


I 38 


H 


92 


59 


46 


267 


43 00 


43 




34 


20 


118 


I 36 


50 


193 


59 


16 


268 


42 42 


45 




14 


00 


120 


I 35 


30 


195 


58 


46 


270 


42 26 


47 




05 


30 


122 


I 34 


10 


197 


58 


16 


272 


42 II 


48 




57 


00 


123 


I 32 


50 


198 


57 


48 


273 


41 55 


50 




49 


06 


125 


I 31 


40 


200 


57 


18 


275 


41 40 


52 




41 


42 


127 


1 30 


30 


202 


56 


48 


277 


41 25 


53 




34 


50 


128 


I 29 


16 


203 


56 


20 


278 


41 10 


55 




28 


20 


130 


I 28 


10 


205 


55 


54 


280 


40 55 


57 




22 


10 


132 


I 27 


00 


207 


55 


26 


382 


40 41 


58 




16 


24 


133 


I 26 


00 


208 


55 


00 


283 


40 26 


60 




10 


50 


135 


I 24 


50 


210 


54 


5J 


285 


40 12 


62 




05 


40 


137 


r 23 


50 


212 


54 


16 


287 


39 58 


63 




or 


00 


138 


I 22 


50 


213 


54 


00 


388 


39 44 


^J 




56 


14 


140 


I 21 


50 


215 


53 


26 


390 


39 30 


67 




51 


40 


142 


I 20 


50 


217 


52 


54 


292 


39 17 


68 




47 


40 


M3 


r 20 


00 


218 


52 


28 


293 


39 04 


70 




43 


40 


145 


r 19 


00 


220 


52 


04 


295 


38 50 


72 




40 


00 


147 


I 18 


08 


232 


51 


42 


297 


38 37 


73 




36 


14 


148 


I 17 


16 


223 


51 


20 


398 


38 24 


75 




32 


44 


150 


I 16 


22 


225 


50 


56 


300 


38 ir 


77 




29 


30 


152 


I 15 


30 


227 


50 


34 


503 


37 59 


78 




26 


20 


153 


I 14 


44 


228 


50 


12 


303 


37 47 


80 




23 


14 


155 


I 14 


00 


230 


49 


50 


305 


37 34 


83 




20 


16 


157 


I 13 


08 


232 


49 


28 


307 


37 23 


83 




17 


30 


158 


I 12 


20 


233 


49 


06 


308 


37 10 


85 




lit 


50 


160 


I II 


40 


235 


48 


44 


310 


36 58 


87 




12 


10 


162 


I II 


00 


237 


48 


22 


312 


36 46 


88 




09 


44 


163 


I 10 


10 


238 


48 


02 


313 


36 34 


90 




07 


20 


165 


I 09 


30 


240 


47 


44 


315 


36 23 
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Table T. — For converting Intervals of Time or Longitude into DecimaU 

of a Day, 



Long. 


Time. 


Decimalfl 
of a Day. 


Long. 


Time. 


Decimals 
of a Day. 


Long. 


Time. 


Decimals 
of aDi^y. 


o 


k 




' 


„ 




/ 


n 




15 


I 


•0417 


15 


I 


•0007 


7 45 


31 


•0315 


30 


1 


•0833 


30 


3 


•0014 


8 


33 


•0323 


45 


3 


•1350 


045 


3 


•003I 


8 15 


33 


•0339 


60 


4 


•1667 


I 


4 


•0038 


8 30 


34 


•0336 


75 


5 


•3083 


I 15 


5 


•0035 


845 


35 


•0343 


90 


6 


•3500 


1 30 


6 


•0043 


9 


36 


•0250 


105 


7 


•3917 


I 45 


7 


•0049 


9 15 


37 


•0357 


120 


8 


•3333 


3 


8 


•0056 


9 30 


38 


•0364 


135 


9 


•3750 


3 15 


9 


•0063 


9 45 


39 


•0271 


150 


10 


•4167 


3 30 


10 


•0069 


10 


40 


•0378 


165 


II 


'4583 


2 45 


II 


00076 


10 15 


41 


•0385 


i8o 


la 


•5000 


3 


13 


•0083 


10 30 


42 


•0393 


195 


13 


•5417 


3 15 


13 


•0090 


10 45 


43 


•0399 


310 


14 


•5833 


3 30 


14 


•0097 


II 


44 


•0306 


"5 


15 


•6350 


3 45 


15 


•0104 


II 15 


45 


•0313 


340 


16 


•6667 


4 


16 


•om 


II 30 


46 


•0319 


^55 


17 


•7083 


4 15 


17 


•0118 


II 45 


47 


•0336 


270 


18 


•7500 


4 30 


18 


•0135 


13 


48 


•0333 


285 


19 


•7917 


4 45 


19 


•0133 


13 15 


49 


•0340 


300 


20 


•8333 


5 


30 


•0139 


13 30 


50 


•0347 


315 


31 


•8750 


5 15 


31 


•0146 


13 45 


51 


•0354 


330 


33 


•9167 


5 30 


33 


•0153 


13 


52 


•0361 


345 


33 


•9583 


5 45 


23 


•0160 


13 15 


53 


•0368 


360 


24 


I'OOOO 


6 


24 


•0167 


13 30 


54 


•0375 








6 15 


25 


•0174 


13 45 


55 


•0383 








6 30 


36 


•0181 


14 


56 


•0389 








645 


27 


•or8" 


14 15 


57 


•0396 








7 


38 


•0194 


14 30 


58 


•0403 








7 15 


29 


•030I 


1445 


59 


•0410 








7 30 


30 


•0208 


5 


60 


•0417 
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Table U. — Metrical and English Barometers. 



Barometer Scalee. 


Barometer Scales. 


Barometer Scales. 


Fr. MUl. 


Eng. Id. 


Ft. MIU. 


Eng. Jq. 
27*2 


Fr. MUi. 


Eog. In. 


640 




691 


742 


29-2 


643 




693 


27-3 


744 


29-3 


645 




696 


27*4 




29-4 


648 




698 


27-5 




29-5 


650 




701 


27-6 




29*6 


653 




704 


27.7 




29-7 


655 




706 


27-8 




29-8 


658 




709 


27-9 




29-9 


660 




7" 


28-0 




30*0 


663 




714 


28-1 




30-1 


665 




716 


28-2 




30-2 


668 




719 


28-3 




30-3 


670 




721 


28-4 




30-4 


673 




7^4 


28-5 




30-5 


676 




726 


28-6 




30*6 


678 




729 


28-7 


780 


30-7 


681 




733 


28*8 


782 


30-8 


683 




734 


28-9 


785 


30-9 


686 




737 


29«o 


787 


3I-0 


688 




739 


29-1 
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Table ^.--Corregpcnding TkermometerSj Fahrenheit^ Centigrade^ 
BSaumur. 



F. 


a 


B. 


F. 


C. . 


B. 


F. 


C. 


B. 


o 


























o 


-17-8 


-14-2 


41 


5-0 


4-0 


81 


27-3 


3I*8 


I 


-i7.a 


-13-8 


42 


r^ 


4*4 


82 


37-8 


22*2 


2 


-16-7 


-13-3 


43 


6-1 


4-9 


83 


38-3 


33-7 


5 


- i6*i 


-13-9 


44 


6-7 


53 


84 


28-9 


23-1 


4 


-15-6 


-13-4 


45 


7-2 


5-8 


85 


29-4 


33-6 


5 


- 15*0 


-13*0 


46 


7-8 


6-2 


86 


30*0 


24-0 


6 


-14-4 


-II-6 


47 


8-3 


6-7 


87 


30*6 


24*4 


7 


-13-9 


-II- 1 


48 


8-9 


7-1 


88 


3I-I 


24-9 


8 


-13-3 


- io*7 


49 


9-4 


Z'5 


89 


31-7 


25-3 


9 


-13-8 


-IO*3 


50 


lO'O 


8-0 


90 


32-3 


35-8 


lO 


-i2-a 


- 9-8 


51 


10*6 


8-4 


9' 


33-8 


36-3 


II 


-II-7 


- 9-3 


52 


ii'i 


8-9 


92 


33-3 


26*7 


la 


-ii-i 


- 8-9 


53 


II-7 


9-3 


93 


33-9 


27-1 


15 


-10*6 


- 8-4 


54 


13*3 


9-8 


94 


34-4 


37-6 


14 


-lO'O 


- 8*o 


55 


13-8 


IO'3 


95 


350 


28-0 


'5 


- 9-4 


- 7-5 


56 


13-3 


IO-7 


96 


35-6 


28-4 


i6 


. 8.9 


- 7-1 


57 


139 


ii-i 


97 


36-1 


28*9 


17 


- 8-3 


. 6-7 


58 


14-4 


II-6 


98 


36.7 


29-3 


i8 


- 7-8 


- 6-3 


59 


15 -cf 


I3-0 


99 


37-2 


39*8 


»9 


- 7-3 


- 5-8 


60 


15-6 


13-4 


100 


37-8 


30*3 


ao 


- 6-7 


- 5-3 


60 


15-6 


12*4 


lOI 


38-3 


to- 7 


ai 


- 6-1 


- 4-9 


61 


i6-i 


13-9 


102 


38-9 


3I-I 


22 


- 5-6 


- 4-4 


63 


i6-7' 


'^•l 


103 


39-4 


31-6 


«5 


- 5.0 


- 4*0 


63 


17-3 


13-8 


104 


AO'O 


33-0 


a4 


- 4-4 


- 3-6 


64 


17-8 


14-2 


105 


40-6 


32-4 


25 


- 3-9 


- 3-1 


65 


i8-3 


14-7 


T06 


4I-I 


32-9 


36 


- 3-3 


- 2-7 


66 


i8*9 


15-1 


107 


41-7 


33-3 


^7 


- 2-8 


- 3*3 


67 


19 -4 


15-6 


108 


42-3 


33-8 


28 


- 3*2 


- 1-8 


68 


20«0 


i6'0 


109 


42-8 


34-2 


29 


- 1-7 


- 1-3 


69 


ao-6 


i6'4 


no 


43-3 


34-7 


30 


- 1*1 


- 0-9 


70 


21*1 


i6*9 


III 


43-9 


35*1 


31 


- 0-6 


- o'4 


71 


31-7 


17-3 


113 


44-4 


35-5 


32 








72 


33-3 


17-8 


"3 


45 -o 


36-0 


33 


0-6 


0-4 


73 


33-8 


I8«3 


"4 


45-6 


36-4 


34 


!•! 


0-9 


74 


23-3 


18-7 


"J 


46*1 


36-9 


35 


1-7 


1*3 


75 


23*9 


19*1 


116 


46-7 


'71 


36 


3*3 


1-8 


76 


24-4 


I9'6 


"7 


^7*2 


37-8 


37 


3-8 


3*3 


77 


35 •© 


30'0 


118 


47-8 


38-3 


38 


3-3 


2-7 


78 


35-6 


20-5 


119 


48-3 


38-7 


39 


3-9 


3*1 


79 


36-1 


20*9 


1 30 


48-9 


39-1 


40 


4-4 


3-6 


80 


26-7 


21-3 
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Table W. — Meatures used to expre$9 depAi in Forei^ Chartt. 





Bii8.I\Bet. 


Eiig.raun. 


French 


Metre 


yiBi 


0-5468 




Bnsse 


5M39 


o*888i 


SpanlBh 


Bnoa 


5-493 


©•9153 


Swedkh 


Fomn 


5-843 


0-974 


Duiiih 


FaTD 


6-175 


I •0392 


Norwegian 


M 


6-175 


1*0393 


Qeiman 


Faden 


5-906 


0-984 


Dutch 


Vaden 


5-575 


0-939 


Banian 


fifarine Saahiiie 


6'ooo 


1*000 


Poriagneee 


Braca 


6'0O4 


I -000 
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INDEX. 



A. 

VAOR 

Aoeoncy, remarks on »• •• 54 

Accumulators »* .. 278 

Adjusting theodolite .. 11 

Age of tide ;. :< .. .. 145 

Altitude, double .. 256 

Altitudes, Giicum*meridian 180,262 

n equal 201 

n n sliort 261 

Aneroids 28 

„ limitations to use of •• .. • 172 

Angle, calculating third .. .. .. 101 

Angles from ship « .. 109 

9, observing midn •• «• •• •• .« 71 

„ plotting .. .. .. «« .. <. .. 95 

M repeating theodolite .. .. 16,71 

„ sextant .. .. 160 

M subtended by different lengths App. P. 

Artificial horizon .. 10, 181, 184 

Astronomical obsenrations for scale 179,269 

„ „ when taken .. 56 

„ portions, correcting tiiangulation to 90 



Banks, indications of 

„ sounding 

„ searching for .« 
Bar, sounding a 

Barometer, anercM 

M metrical and English compared 



142 
133 
140 
136 

28 
App.U. 

67 



2 o 
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INDEX, 



Bases chained .. 

„ by angle of short measured length 

„ by difference of latitude 

„ by masthead angle 

„ by sound 
Beacons, floating 
„ use of 

Bearing, mercatorial 

„ true (see True bearing) 
Board, drawing 

„ mounting field 

M field 
Boats* fittings 

„ stores 
Book, deck 

Books, ruled 
Buoy, beacon 
„ small, for boats 



PAOI 

67 
61 
60 
61 
62 
50 
.. 134 
.. 86,89 

34 
39 

161,264 
44 
47 

.. 140 

.. 209 
40 
50 

.. 132 



Calculated triangulations 

Calculating heights .. 

„ position from two angles 
„ third angle 
„ time of P. M. observations 
„ triangulation 
Calling soundings 
Catalogues, methods of obtaining apparent place from 

„ of stars 

Chidns, measuring 
Chart, completed 
„ distortion in printed .. 

» fiur 

„ sending home .. 
Choosing stars 
Chords, calculating 
„ plotting by .. 
„ table of 
Chronometer, error of .. 
Chronometers .. 

„ comparing 

„ defects in pocket 

„ effect of temperature on 



67 
.. 167 
. 110 
.. 101 
. 208 

86 

.. 135 

. 195 

182 

27 
.. 263 
.. 288 
.. 264 
.. 263 
.. 182 

96 

95 

App. L. 

,. 201 

40 
,. 205 
. 205 
. 262 



INDEX. 



3SI 



Ghronometera, Hartnup's method for rates of 
n rejecting results bj .. 

n stowage of 

„ variations in rate of .. 

Circle, on the 

„ one — ^method t* t, •• 

„ testing 

„ two — ^method 

Circum-m6ridian altitudes of stars . . 
M „ sun 

Coast-lining 

Coast-line plotting 

Collimation, adjustment for, in theodolite .. 
„ error of theodolite r. 

Colouring .. « 

Comparing watches 

Comparison book 

„ calculating mean, for hack watch 

Compass, not used 

„ deviation of 

n variation of 

Compensation, temperature of mean . . 

Contouring 

Con vergency of meridians 

„ „ bj spherical triangle 

„ „ formulsB for 

„ „ neglect of 

Correcting triangles .. 
Correction to spheroid 
Current, ascertaining rate of .. 

f> drag 

„ effect of on sounding 

» log 

„ under, in deepHsea sounding 
„ M observations on 



FAOB 

227 



40,229 
.. 226 

21 
.. 110 

24 

19 
.. 180 
.. 195 
.. Ii9 
.. 120 

12 
.. 163 
.. 267 
.. 205 
App. J. 
216, 217 

79 
.. 294 
.. 251 
226, 235 
.. 159 
.. 81,88 
86,271 

86 
.. 105 

80 

92 
155, 282 
.. 289 
282 
.. 155 
.. 286 
.. 288 



Dark eyepieces 

Datum for reduction .. 

„ „ approximating a 

„ „ mean level as .. 

Decimals of day, time in 

Deck book 

Deep sea sounding 



.. 5,207 

.. 144 

148 

.. 155 

App. T. 

140, App. I. 

.. 276 

o 2 
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Definition of triangulation .. ~7 55,67 

Definitionfl, tidal 144 

Degree, lengths of App. H. 

Delineation 266 

Depressions for heights .. .. .. 162 

„ table of true .. Appi B. 

DipforheighU 164, Appi 0. 

Distance from elevation of height .. .. 174 

„ of sea horizon .. .. App. R. 

„ visible horizon .. .. App. Q. 

instances, meridian (see Meridian distances). 

„ plotting by 102 

Distortion of printed charts 26,288 

Diumallnequality 145 

Double Altitude 256 

Drawing boards 34 

M lines at right angles « 113 

Dry proof 288 



E. 

Elevations 124 

Eliminating errors of observation 179 

n n n for latitude 180 

„ „ „ for Error 201 

Epochs for calculating rate 236 

Equal altitudes, elimination of errors by 201 

M n equation of 203,212,214 

* „ „ meaning 210 

„ „ of stars 203 

„ „ of sun .. .. .. .. .. 202 

„ „ principle of 202 

„ „ shortH-atsea 261 

„ „ working 212 

„ „ „ at inferior tranrit 202,204 

Equation of equal altitudes 203,212,214 

Error, coUimation, of theodolite 163 

„ index, of sextant 208 

„ level, of theodolite 163 

„ observations for .. .. .. 198 

M of hinged shades of sextant 7 

Errors of observation, eliminating 179 

„ personal 211 

Establishment 144^146 

,, estimation of 149 



INDEX. 353 

PAOB 

Excess spherical 79 

Exploring a river 292 

Eyepieces, dark 5,207 

M of sextant 5 



Fair chart 264 

False station 74 

Feet, numhw of in degrees and minutes .. App. M. 

Field hoards 161 

Fittings for hoats 44 

Fix 21 

Fixing, care in choosing objects for .. 20 

'„ marks lOB 

M „ from ship 109 

„ soundings 127, 130 

Foreign measures of depth App. W. 

Form for comparison book .. App. J. 

„ deck book .. .. App. I. 

„ height book.. .. 168 

„ deep-sea soundings .. App. K. 



General description of marine survey 61 

Gnomonic projection 82 

„ „ graduating on .. 270 

Graduating beforehand 107,272 

Graduation, method of 270 

Graphic projection of tides 152 

H. 

Hack watches, calculating comparison for . . 215, 217 

„ care of 207 

Hadle/s sextant 5 

Hartnup's formuliB .. .. .. .. .. .. 235 

Height book, form for 167 

„ of tide, interpolating .. .. .. 150 

„ problems .. .. 170 

Heights, allowance for refraction in obtaining 166 

„ calculating .. .. .. .. .. .. 167 

„ dip for 164, App. 0. 

„ obtaining 162 
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INDEX. 



TAOm 


HdghtB, obtaining by depression of masthead 




.. 173 








.. 163 


HeHoetat 






30 


» TMOOf 






.. 139 


« ^wing 






.. 32,73 


High water, time of 






.. Ul 


HillR, delineation of 






.. 268 


Horizon, artificial 






10 








App.R 


„ visible 




App. BL, App. q: 


« stand 




11 


I. 
Ill-conditioned triangles 


91 


Inferior trannt, equal altitudes at 


202, 214 


Inequality, diurnal 


.. 146 


„ semi-mensoal 


.. 145 


Interpolation, meridian distance by , 


.. 231 


„ „ with harbour rates . 


.. 238 


Interval, calculating, for meridian distance 


.. 237 


Intervals of time in decimals of day 


App.T. 


Irregular methods of plotting 


.. 102 


L. 


Latitude by droum-meridian altitude of sun 




.. 195 


„ pole star 






.. 191 


„ example 0^ by star 






.. 189 


„ observations for 






.. 179 


Lead-lines 






48 


„ measuring 






.. 134 


Levelling 






.. 176 


Lieussou's M. formuke 






235 


Log, current 






.. 165 


„ Massey's 






46 


Longitude: difference of 






.. 198 


„ obtaining of 






199 


Low water line 






.. 124 


Lunitidal interval 






146 


M. 

Machines, sounding 138 


Main stations 67 


„ „ making 




. 


70 



INDEX, 355 

PAOB 

Main triangulation 67 

ICarkfl 42 

„ fixing 108 

Massey's log 46 

Meaning equal altitudes 210 

Mean level as datum ., .. .. 155 

Measures, foreign— of depth ,. ., App. W. 

Measuring a l»8e .. .. .. .. 59 

„ lead-lines , 134 

Mercatonal bearing .. .. .. .. 85, 89 

Meridian distances 199,218 

„ „ by harbour rates 233,237 

„ „ by interpolation 231 

„ „ „ with harbour rates .. .. 238 
„ „ by travelling rates .. .. „ 220,223 

„ „ chronometric .. .. .. .. .. 220 

„ „ form for 224 

„ „ interval for 237 

„ „ return of 240 

„ „ telegraphic 218 

Meridian, reduction to .. .. .. .. ;. .. 186 

Meridians, secondary 199 

Moon: not adapted for observation .» .. .. .. .. 191 

Moon's transit 146 

Mirrors, resilvering .. 8 

Mounting field boards 39 

» paper 35 

Mouchez's correction for temperature .. .. .. .. 234 

N. 
Natural scale 

0. 

Observations, astronomical— when to be taken 56 

„ atsea .. .. .. : .. .. .. 254 

„ for Error of chronometer 201 

„ for latitude 179 

„ for true bearing ., .. 241 

„ general remarks on 179 

Observing stars, method of 184 

„ tides 147 

Obtaining heights .. .. 162 

longitude 199 



356 



INDEX. 



P. 

PA»B 

Rursofatarg „ , .. 181 

Paper moimting ,. «. .. 35 

„ Buses of .. .. .« ... .« .. .. ., 39 

Parallaz, adjustment for — ^In theodolite ,. 12 

n in reading sextant 186 

Patent log, Masaey's .. .. « ., .. ^, .. 46 

Personal errors .. ,. ., .. .. .. .. 211 

Plans, amateur 265 

„ scale in 269 

„ reducing .. 265 

Plotting 94 

n by chords ^. .. 95 

„ by distances 102 

„ with tiacing paper 102 

Points ,. . 67,265 

„ in transit .. .. ... .. .. .. 22 

Polaris (see Pole star). 

Pole star, bearing by 139,250 

n latitude by 191 

Pole, ten foot •. .. 33 

n . extension of method of .. 124 

„ using 121 

Problems for obtaining heights .. .. .. .. .. 170 

Proo& of rules ... .. .. App.A.toH. 

Protractors .. 27 



B. 

Bangeoftide 

Bate, causes of variation of .. 

„ epochs for accumulation of 

„ harbour 

„ ^ Tiark's formula with .. 

„ M3a ■■ •• •* *■ •• *• 

„ trayelling 

Bectangles, drawing lines at 

Beducing plans 

„ soundings .. 
Beduction, datum for — of soundings 

„ table of— of soimdings 

„ to meridian 

Befraction, allowance for— in obtaining heights 

„ elimination of— in astronomical observations 
Bejection of results 



.. 144 
.. 226 
.. 236 
.. 233 
.. 237 
.. 231 
200,220 
.. 113 
.. 265 
.. 134 
.. 144 
.. 151 
186, App. N. 
.. 166 
180,201 
.. 223 



INDEX. 3S7 

PAOB 

Repeating angles with theodolite 16» 71 

Besilvering mirrors .. .. .. .. 8 

Biseoftide { .. 144 

Riyer, running survey of 292 

^ triangulating — ^with boats 293 

Roads, marking 159 

Rock, sweeping for 133 

Rockets, use of 139,239 

Ruling a straight line .. .. .. 99 

Running survey .. .. .. .. .• 114 

„ ofriver 292 



Scales, brass 26 

Scale, natural 269 

„ of chart ^ 66,179,269 

Sea observations .. 254 

Searching for vigias - 140 

Secondary meridians 199 

Sextant angles 160 

„ „ from ship .. 108 

„ Hadley's .. 5 

», hdghts fram-^-elevations 163 

„ Bounding .. .. .. .. .. .. .. 7 

„ stand .. .. .. .. .. .. .. .. 9 

„ „ use of .. 181 

„ triangulation by .. 69 

Shades, error of hinged sextant 7 

Ship, angles from .. 109 

„ sounding .. .. .. .. 186 

n use of— in triangulation 109 

Si^tbook 209 

Silvering mirrors .. .. .. .. 8 

Sizes of paper 39 

Sketch 77 

Sound, base by 62 

„ velocity of .. .. .. 64 

Socmding 127 

„ abar 135 

„ banks 133 

„ book App. K. 

„ direction of lines of 129 

„ effect of current on deep sea 282 

„ importance of 127 



358 INDEX, 

PAGI 

Sounding lines doubling 132 

„ rods 278 

„ sextant .. ,. .. .. 7 

n ship , 136 

„ „ off shore 138 

M n fitting for 136 

y, n machines for .. .. .. .. .. .. 138 

Soundings, calling 135 

n deep sea 276 

„ fixing 127,130 

„ recording .. .. .. .. .. .. ..- 130 

n reducing 134 

n to be thick in original .. .. .. .. .. 269 

Spherical excess 79 

Spheroid, correction for 93 

Squaring in 115,265 

Stand, artificial horizon 11 

n sextant ' .. 9 

Star atlas 184 

„ catalogues 182 

„ example of latitude by circum-meridian 189 

„ observation of a — at daybreak .. .. .. ,. .. 258 

Stars, choosing purs of .. .. .. .. .. «. 182 

„ circum-meridian altitudes of .. «. 180 

„ method of observing .. 184 

„ preparing ground for obeervatiims of .. .. .. 183 

„ purs of 181 

Station, &lse 74 

„ main 67 

„ pointer r. .. 18 

„ „ caution as to use of 25 

„ „ testing a 24 

„ secondary .. .. .. .. .. .. .. 67 

Stores for boats 47 

Stowage of chronometers 40,229 

Straight-edge 36 

„ line, ruling a .. .. .. .. .. .. 99 

Streams, observing tidal .. .. .. .. .. ,, 155 

Sumner's method .. .. 256 

Sun, equal altitudes of .. .. ,. ., .. .. 207 

„ latitude by circum-meridian altitudes of .. .. .. 195 

Survey, general description of .. .. .. .. .. 51 

„ general plan of .. .. .. .. .. .. 55 

„ running .. .. .. .. .. 114 

„ replotting running .. .. .. .. .. 115 



INDEX. 359 

PAOS 

Surveys, detailed «. «. •• ,, *, ^ ,^ .. 52 

. „ ordinary ., ,. .. .. ., .. .. 62 

„ sketch 51 

Suspicious ground .. <. .. .. .. .. .. 132 

Sweeping for a rock .. .. .^ • 133 

Swinging ship 2d4 

Symbols 266 

a\ 

Table of reduction 160 

Telegraphic meridian distance 218 

„ n n example of 221 

Temperature 

„ effect of change of— on chronometers .. .. 226 

y, Mouchez's correction for ,. ;. .. .. 234 

^ of mean compensation 226,235 

n n r% ascertuning .. .. 235, 236 

„ Hartnup^s correction for 228,235 

Ten-foot pole 33 

„ use of 121 

„ extension of method of 125 

Testing circle , .. 24 

„ station pointers 24 

Theodolite, adjusting , .. 11 

y, collimation error of .. .. .. .. .. 163 

„ obtaining level error of .. .. .. .. .. 163 

lliennometers, corresponding ... .. .. .. App. V. 

Tidal definitions 144 

„ streams, observing .. .. , .. 155 

Tide, age of .. .. .. .. 145 

„ interpolating height of .. .. .. .. .. 150 

„ pole 146 

„ range of,. .. .. .. .. .. .. .. 144 

„ rise of .. .. .. .. .. .. .. .. 144 

Tides 143 

„ graphic projection of .. .r .. .. - .. 152 

„ observing .. .. .. .. .. .. .. 147 

Topography 157 

Tracing paper in plotting .. .. .. .. „ .. 102 

Travelling rate 200,220,223 

Transfer paper, making .. .. .. .. .. .. 35 

Transit of moon .. .. .. .. .. .. .. 146 

„ points in .. .. .. .. .. .. .. 22 

Triangles, correcting .. .. .. .. .. .. .. • 80 

Triangles, preparing for calculation 79 



36o 



INDEX. 









FAOB 


Triangulation 


*. 


53 


n 


by Bextant 


• • »9 . 


69 


t% 




... »W 


86 


>• 


correcting to astronomical positions 


90 


» 


definition of .. 


• • •• ■ 


.. 56,67 


M • 


kinds of 


• • .. . 


67 


»» 


main 


.. 


67 


Triangulations, calculated 




67 


»f 


„ example of 


.. 


88 


True bearing 


.. 


241 


n 


by equal altitudes 




242 


»> 


by Pole star 


.. 


139, 250 


99 


by sextant 


.. 


.. 246 


»» 


mngle altitude .. 


.. 


.. 242 


»» 


for orientaiion .. 


.. .. 


79 


f% 


use of— in plotting 


.. 


103, 106 



Undercurrents in deep sea sounding 

„^ observations on 
Use of beacons .. <• 



164 



Valuing results of observations, method of 
Variation 

„ by swinging ship .. 

„ shore observations for 
Vernier, setting — ^in equal altitudes 

„ plate, setting — of station pointers 
Vigias, searching for 



191 
251 
297 
252 
206 
24 
140 



W. 



Water level, finding true mean 

Water line, low 

Whitewash .. .. »• 



152 

124 

42 



Zero, choosing a 
„ verifying 



70 
73 



PRniTSD BT mLLIAM CLOWK8 AND 8098, LIMITSB^ 
•TAXFOBD STBKR AVD CHAUM ClOH. 



[UL'IVEIlSITr] 



50 Albemarle Street, LondoNi 
January 1882. 



MR. MURRAY'S 



LIST OF WORKS 



IN 



GENERAL LITERATURE, 



CONTAINING 



The Speaker's Commentary on the Bible. 
History, Ancient & Modern. Educational Works. 



Biography, Memoirs, &c. 

Geography, Voyages, and 
Travels. 

Handbooks for Travellers. 

Theology, Religion, &c. 

Science, Natural History, 
Geology, &c. 

Art, Architecture, and An- 
tiquities. 



Poetry, the Drama, &c. 

Naval and Military Works. 

Philosophy, Law, and Poli- 
tics. 

Rural & Domestic Economy. 

Field Sports, &c. 

Miscellaneous Literature 
AND Philology. 

Home and Colonial Library. 



Dr. Wm. Smith's Atlas of Ancient Geography. 



Mr. Murray s List of Works. 



THE PrP THA TTurR^H COMMBNTABY. 



Medium 8vo. 

THE HOLY BIBLE, according to the Authorised Version, A.D. i6ii, with 
an Explanatory and Critical Commentary, and a Revision of the 
Translation. By BISHOPS and CLERGY of the ANGLICAN 
CHURCH. Edited by F. C. COOK, M.A., Canon of Exeter, Preacher 
at Lincohi's Inn, and Chaplain in Ordinary to the Queen. 

THE OLD TESTAMENT. 6 vols. 8vo, 1358. 

VoL L— 308. 

Gknksis— Bishop of Winchester. I Lkviticus— Rev. Samuel Clark. 

Exodus— Canon Cook and Rev. Samuel Numbbrs— Canon Espin and Rev. J. F. 
Clark. I Thrup^ 

Dbutbronomy— Canon Espm. 

VoIb. n. and IIL— 36b. 

'ISS«lS!i??!?S;« RiA«n«fRoA I Kings, Chroniclks, Ezra. Nshbhiak. 
^'WdS. ^^■*""''-^*»^ <*^ ^^ I E^HKR-CattMTkawlinwn. 

VoL rV*.— 24b. 

Job— Canon Cook. | Proverbs— Dean of Wells. 

Psalms— Dean Johnson, Canon Cook, and Ecclesiastbs— Rev. W. T. Bullock. 
Canon Elliott. | Song of Solomon— Rev. T. Kangshmy. 

VoL v.— 208. 

Isaiah— Rev. Dr. ^y. | Jbremiah and Lamentations— Dean of 

I Canterbury. 

VoL VI.-25B. 

EzBKiBL— Rev. Dr. Currey. 

Daniel- Archdeacon Rose and Rev. J. 

Fuller. 
HosEA and Jonah— Rev. E. Huxtahle. 



Amos, Nahum, and Zefhaniah— Rev. R. 
GandelL 



Joel and Obadiah— Rev. F. Meyzick. 
MicAH and Habakkuk— Rev. Saamd 

Clark and Canon Cook. 
Haggai, Zechariah, and Malacki — 

Canon Drake. 



THE NEW TESTAMENT. 4 Vols. Svo, 948. 
Vol. I.-18fl. 
General Introduction— The Archbishop of York. 
^''' iid oSSTcLk!"' ^^"-^"^ ^*°"^ I St. LuEE^Bishop of St. David's. 

VoL IL— 20b. 

St. John— Canon Westcott | The Acts— Bishop of Chester. 

VoL III.— 28b. 



Romans— Canon Gtfford. 

Corinthians— Canon Evans and Rev. J. 

Waite. 
Qalatians— Dean of Chester. 
Phiuppians, Ephesians, Colossians, 



Thessalonians, and Philemon— Rev. 
F. Meyrick, Deanof Raphoe,andBidiop 
of Dcrry. 
Pastoral £pistlbs— Bishop of Landon and 
Fro£ Wace. 



VoL IV.— 28b- 

Hebrews— Rev. Dr. Kay. I St. Peter and St. Judb — Canon Cook 

St. James— Dean of Rochester. and Prof. Lumby. 

St. John — Bishop of Deny. j Revelation of St. John— Archdeacon Lee 

With a Preface on the Completion of the Work. By the Editor. 

THE STUDENT'S EDITION of the SPEAKER'S COMMENTARY 
on the Old Testament, abridged and edited. By J. M. Fuller, M.A., 
Vicar of Bexley, late Fellow of St John's College, Cambridge. 4 vols. 
Crown Svo, 7s. 6d. each. 

VoL I. Genesis to Deuteronomy, j VoL HL Job to Song of Solomok. 

VoL n. Joshua ta Esther. | VoL IV. Isaiah to Malacni. 



HISTORY ANCIENT AND MODERN. 



Anoient History. 



History of the Ancient World ; 

from the earliest Records to the fidl of the 
Western Empire, a.d. 476. By Philip 
Smith. Plans. 3 vols. 8vo, 3XS. 6d. 

Student's Ancient History of 

the East From the Earliest Times to 
the Conquest of Alexander the Great ; 
including E^ypt, Assyria, Babylonia, 
Media, Persia, Asia Minor, and Phoe- 
nicia. By Philip Smith. Woodcuts. 
Post 8vo, 7s. 6d. 

History of Egypt under the 

Pharaohs. Derived from the Monu- 
ments. With Memoir on the Exodus 
of th« Israelites. By Dr. Brucsch. 
Maps, a vols. 8vo, aas. 

Nile Gleanings: the Ethnology, 

Histonr, and Art of Ancient Egypt, as 
Revealed b>; Paintings and Bas-Keliefs. 
With Descriptions of Nubia and its 
Great Rock Temples to the Second 
Cataract. By Villibrs Stuakt. With 
<s8 Coloured and Outline Plates. Royal 
8vo, 31S. 6d. 

Manners and Customs of the 

. Ancient Egyptians : their Religion, Arts, 
Laws, Manufactures, etc. Bjr Sir T. 
Gardnbb Wilkinson. Revised by 
Samubl Birch, LL.D. Illustnitaons. 
3vols.8vo,;C4:4S. 

Popular Account of the An- 
cient Egyptians. By Sir J. G. Wil- 
kinson. Illustrations, a vols, post 8vo, 
xas. 

The Five Great Monarchies of 

the Ancibnt Eastern World : or the 
History, Geography, and Antiquities of 
Chaldea, Assyna, Babylonia, Media, 
and Persia. By Canon Rawunson. 
Illustrations. 3 vols. 8vo, 4as. 

Herodotus : A new English 

version. With notes and essays, his- 
torical and ethnomphicaL By Canon 
Rawlinson, Sir Hbnry Rawunson, 
and Sir J. G. Wilkinson. lUustrtk- 
tions. 4 vols. 8vo, 48s. 



History of Greece, from the 

Earliest Period to the close of the Genera- 
tion contemporary with Alexander the 
Great. By Gborgb Grotb. Library 
Edition. Portrait and Maps, zo voU. 
8vo, laos. : or. Cabinet e<L, Portrait 
and Plans, za vols, post 8vo, 6s. each. 

Student's History of Greece, 

from the Earliest Times to the Roman 
Conquest, with the Histoiy of Literatxire 
and Art. By Dr. Wm. Smith. Maps 
and Woodcuts. Post 8vo, 7s. 6d. 

Student's History of Rome, 

from the Earliest Times to the Establish- 
ment of the Empire. With the History 
of Literature and Art ByDeanLiDDBLL. 
Woodcuts. Post 8vo, 7s. 6d. 

History of the Decline and 

Fallot the Roman Empire, By Edward 
Gibbon, with Notes by Milman and 
Guizot. Edited by Dr. Wm. Smith. 
Maps. 8 vols. 8vo, £3. 

Student's Gibbon ; an Epi- 
tome of the History of the Decline and 
Fall of the Roman Empire. By Edward 
Gibbon. Woodcuts. Post 8vo, 7s. 6d. 

Dictionary of Greek and Roman 

Antiquities. Edited by Dr. Wm. 
Smith. Illustrations. Royal 8vo, 98s. 

Dictionary of Greek and Roman 

Biography and Mythology. Edited 
by Dr. Wm. Smith. Illustrations. 3 
vols, royal 8vo, 84s. 

Classical Dictionary of Bio- 

GRAPHY, Mythology, and Orography, 
for the Higher Forms. By Dr. Wm. 
Smitk. Illustrations. 8vo, 18s. 

Smaller Classical Dictionary of 

Mythology, Biography, and Geography. 
Woodcuts. Crown 8vo, 7s. 6d. 

Smaller Dictionary of Greek 

and Roman Antiqmties. Abridged from 
the large work. Bv Dr. Wm. Smith. 
Woodcttto. Crown 8vo, 7s. 6d. 



Soriptore and Ohorch History. 



Student's Old Testament His- 
tory; from the Creation to the Re- 
turn of the Jews from Captivity. By 
Philip Smith. Woodcuts. Post 8vo, 
78. 6d. 



Student's New Testament His- 
tory. With an Introduction connect- 
ing the History of the Old and New 
Testaments. By Philip Smith. Wood- 
cuts. Post 8vo, 7s. 6d. 



Mr. Murray's List of Works. 



History of the Jews, from 

the Earliest Period to Modem Times. 
By Dean Milman. 3 vols. Post 8vo, 

History of the Jewish Church. 

Bv Dean Stanlvy. xst and ad Sbbxbs, 
Abraham to the Captivity. Maps. 3 
vols. 8vo, a4S. 3d Series, Captivity to 
the Christian Era. Maps. 8vo, 14$. 

History of Christianity, from 

the Birth of Christ to the Extinction of 
Paganism in the Roman Empire. By 
Dean Milman. 3 vols, post 8vo, x8s. 

History of the Christian Church 

from the Apostolic Age to the Reforma* 
tion, A.D. 64-15x7. By Canon Robert- 
son. 8 vols, post 8vo, 6s. each. 

History of Latin Christianity 

and of the Popes to Nicholas V. By 
Dean Milman. 9 vols, post 8vo, 54s. 

Student's Manual of Ecclesi- 
astical History. Part I. — From the 
Time of the Apostles to the Full EsUb- 
lishment of the Holy Roman Empire and 
the Papal Power. PartII.— The Middle 
Ages and the Reformation. By Philip 
Smith. Woodcuts, a vols, post 8v«, 
7s. 6d. each. 

History of the Gallican Church, 

from the Concordat at Bologna, X5x6, to 
the Revolution. By Rev. W. H. jbrvis. 
Portraits, a vols. 8vo, aSs. 



History of the Eastern Church. 

By Dean Stanley. Plana. 8vo^ xas. 

Student's Manual of English 

Church Histoij. First Period— From 
the Plantiqg ot the Churdi in Britain to 
the Accession of Henry VIII. Sbcowd 
Period— From the Tune of Henry VIII. 
to the Silencing of Convocation in the 
xSth Century. By Canon Perry, a vob. 
post 8vo» 7s. 6d. each. 

History of the Church of 

Scotland. By Dean Stanley. Svo, 

78^ 6d- 

Dictionary of Christian Anti- 
quities, comorising the Histoiy, Insti- 
tutions, and Antiquities of the Qtristian 
Church. Edited by Dr. Wm. Smith 
and Archdeacon Chbbtham. Illustra- 
tions, a vols. med. 8vo, ;C3 : 13 :^ 

Dictionary of Christian Bio- 
graphy, Literature, Sects, and Doc- 
trines, from the Time of the Apostles to 
the Age of Chariemagne. Eidited by 
Dr. Wii. Smith and Rev. H. Wack. 
Vols. I. II. and III. Medium 8vo, 3x5. 6d. 
each. 

The Jesuits, their Constitution 

and Teaching. An Historical Sketch. 
By W. C. Cartwright. 8vo, 9s. 

Notes on some Passages in the 

Litui^pcal History of the Reformed 
English Church. By Lord Sblborxs. 
8vo, 6s. 



Mediffival and Modern HiBtory. 



An Account of the Modem 

Egyptians. ByE.W. Lane. Illustra- 
tions, a vols, crown 8vo, xas. 

History of Europe during the 

Middle Ages. By Henry Hallam. 
Library Edition. 3 vob. 8vo, 30s, ; 
Cabinet Edition. 3 vols, post 8vo, xas. 
Student's Edition. Post 8vo, 7s. 6d. 

Student's History of France. 

From the Earliest Times to the Esublish- 
ment of the Second Emiure, x85a. With 
Notes on the Institutions of the Country. 
By W. H. Jervis. Woodcuts. Post 
8vo, 7s. 6d. 

Student's Hume ; a History of 

England, from the Earliest Times 
to the Revolution of x688. Revised and 
continued to the Treaty of Berlin, 1878, 
by J. S. Brewer, with 7 Coloured 
Maps and 70 Woodcuts. Post8vo, 7S.6d. 

History of England, from the 

Accession of Henry VI I. to the Death 
of George II. By Henry Hallam. 
3 vols. 8vo, 30S.; or Cabinet Edition, 3 
vols, post 8vo, xas. Student's Edition. 
Post 8vo, 7s. 6d. 



Literary History of Europe' 

during the X5th, x6th, and X7th Cen- 
turies. Library Edn., 3 vols. 8vo, 36s. 
Cabinet Edn., 4 vols, post 8vo, x6s. 

History of Charles the Bold, 

Duke of Burgundy. By J. Foster 
Kirk. Portraits. 3 vols. 8vo, 45s. 

Historical Memorials of Canter- 
bury. X. Landing of Augustine — a. Mur^ 
der of Becket— 3. Edward the Black 
Prince — 4. Becket*s Shrine. By Dean 
Stanley. Woodcuts. Post 8vo, 7s. 6d. 

History of the United Nether- 

LANDs, from the Death of William the 
Silent to the Twelve Years* Truce, X609. 
By J. L. Motley. Portraits. 4 vols, 
post 8vo, 6s. each. 

Life and Death of John of 

Barneveld. Advocate ofHoUand. With 
a view of the primary causes and move- 
ments of the Thirty Years' War. By T. 
L. Motley. lUustrations. a vols, 
post Svo, xas. 

Student's History of Modem 

Europe, from the End of the Middle 
Ages 10 the Treaty of Berlin, 1878. 

[In /re^mru^pm. 



History. 



Sir John Northcotes's Note- 
book during the Long Parliament From 
the Original MS. £dited by A. H. A. 
Hamilton. Crown 8vo, gs. 

History of India — ^The Hindoo 

and Mohammedan Periods. By the Hon. 
MouNTSTUART Elphinstonb. Edited 
by Professor Cowell. Map. 8vo, 18s. 

Historic Peerage of England, 

Exhibiting the Origin, Descent, and 
Present Stole of every Title of Peerage 
which has existed since the Conquest. 
By Sir Harris Nicolas. 8vo, 308. 

Two Sieges of Vienna by the 

Turks. From the German. By Lord 

ElLSSMBRB. Post 8V0, 3S. 

British India from its origin to 

X783. By Earl Stanhopb. Post 8vo, 
3s. 6d. 

History of England, from the 

Reign of Queen Anne (1701) to the Peace 
of Versailles (1783). By Earl Stan- 
hopb. 9 vols, post 8vo, 5s. each. 

"The Forty-Five;" or, the Re- 
bellion in Scotland in 1745. By Earl 
Stanhopb. Post 8vo, 3s. 6d. 

Historical Essays. By Earl 

Stanhopb. Post 8vo, 38. 6d. 

French Retreat from Moscow, 

and other Essays. By Earl Stan- 
. uopB. Post 8vo, 7S. 6d. 

Scenes from the War of Libera- 
tion in Germany. From the German. 
By Sir A. Gobdon. Post 8vo, 3s. 6d. 

The Siege of Gibraltar, 

1773-1780^ with a Description of that 
Garrison from the earliest periods. By 
John Drinkwatbr. Post 8vo, as. 

Annals of the Wars of the 

x8th and xgth Centuries, X700-X8X5. By 
Sir Edward Cust. Maps. 9 vols. 
i6mo, 5s. each. 

State of Society in France 

BBPORB THE REVOLUTION, X789. By 

Alexis db Tocquevillb. Translated 
by Henry Reeve. 8vo, x4S. 

History of Europe during the 

French Revolution, X789-95. From 
the Secret Archives of Uermany. By 
Professor Von Svbbl. 4 vols. 8vo, 48s. 

English Battles and Sieges of 

the Peninsular War. By Sir W. Napibr. 
Portrait Post 8vo, 9s. 

The Story of the Battle of 

Waterloo. By Rev. G. R. Glbig. 
Post 8vo, 3s. 6d. 



Wellington's Civil and Political 

Despatches. x8x9-x83x. Edited by his 
Son. 8 vols. 8vo, 90s. each. 

Wellington's Supplementary 

Despatches and Correspondence. Edited 
by his Son. 15 vols. 8vo, aos. each. An 
index. 8vo, aos. 

Campaigns at Washington and 

New Orleans. By Rev. G. R. Gleig. 
PostSvo, as. 

Sir Robert Sale's Brigade in 

Afpghanistan. By Rev. G. R. Gleig, 

Post 8vO, 2S. 

French in Algiers ; the Soldier 

of the Foreign Legion — and Prisoners 
of Abd-el-Kadir. Translated by Lady 
Duff Gordon. Post 8vo, 2s. 

History of the Fall of the 

Jesuits in the Nineteenth Century. From 
the French. Post 8vo, as. 

English in Spain; or, the 

Story of the Gvil War between Chris- 
tinos and Carlists in z834» 1840^ By 
Major F. Duncan, R.A. With plates. 
8vo, z6s. 

Personal Narrative of Events 

in China during Lord Elgin's Second 
Embassy. By H. B. Loch. Illustra- 
tions. Post 8vo, 9s. 

History of the Royal Artillery. 

CompUed from the original Record 
By Miuor F. Duncan, R.A. Portraits, 
a vols. 8vo, x8s. 

The Huguenots in England 

& Ireland, their Settlements, Churches, 
and Industries. By Samuel Smilbs. 
Crown 8vo, 7s. 6d. 

Historical Memorials of West- 
minster Abbey, from its Foundation to 
the Present Tune. By Dean Stanley. 
Illustrations. 8vo, xss. 

Notices of the Historic Persons 

buried in the Chapel of St Peter, in the 
Tower of London, with an Accoimt of 
the Discovery of the Remains of Queen 
Anne Boleyn. By Doyne C Bell. 
Illustrations. Crown 8vo, 14s. 

Handbook to St. Paul's Cathe- 
dral. By Dean Milman. Illtistrations. 
Crown 8vo, los. 6d. 

Annals of Winchcombe and 

Sudeley. By Emma Dent. With Plates. 
4to, 42s. 

English Studies. By J. S. 

Brewer. Contents: New Sources 
of English History. Green's Short 
History of the English People, llie 
Royal Supremacy. Hatfield House. 
The Stuarts. Shakspeare. ^ How to 
Study English History. Ancient Lon- 
don. Erasmus. 8vo, X4S. 



Mr. Murray s List of Works, 



BIOGRAPHY AND MEMOIRS. 



Eoolesiastioal 

Dictionaiy of Christian Bio- 
graphy, Uterature, Sects, and Doc- 
trines, from the time of the Apostles to 
the Age of Charlemagne. Edited by 
Dr. Wm. Smith and Professor Wacb. 
Vols. L II. and III. Med. 8vo, 31s. 6d. 
each. 

Life of St Hugh of Avalon, 

Bishop of Lincoki. By Canon Pbrky. 
Portrait. Post 8vo, zos. 6d. 

Life and Times of St John 

Chrysostom. A Sketch of the Church 
and the Empire in the Fourth Century. 
By Rev. W. R. W. Strphxms, M.A. 
With PortraiL 8vo, zss. 

Personal Life of Dr. Living- 
stone. From his unpublished Journals 
and Correspondence By W. G. Blaikib, 
D.D. With Portrait and Map. 8vo,z5S. 



and Miflsionary. 

Memoir of William Ellis, the 

Missionary. By his Son. Portrait 
8vo, zos. 6d. 

Memoir of Bishop Milman, 

Metropolitan of India. With a Selec- 
tion m>m his Letters. By his Sisteb. 
Map. 8vo, zas. 

Life of Bishop Sumner, during 

an Episcopate of Forty Years. By Rev. 
G. H. SuMNBR. Portrait. 8yo, Z4S. 

Life of Samuel Wilberforce, 

Bishop of Oxford and Winchester. VoL L 
By Canon Askwblu Vol. II. Edited 
by R. G. WiLBBKFORCB. Portraits. 8vo^ 
Z5S. eadu 

Life of John Wilson, D.D. (of 

Bombay) ; Fifty Years a Philanthropist 
and Scholar in the East By .Gbosgb 
I Smith. Illustrations. Post8vo,9S. 



Political and Social. 



Memoir of the Public Life of 

Right Hon. John Charles Herries dur- 
insithe reigns of George III., George IV., 
William IV., and Victoria. By bis Son, 
Ed. Hbsribs, C.B. a vols. 8vo, a4s. 

Monographs : Personal and So- 
cial By Lord Houghton. Portraits. 
Crown 8vo, zos. 6d. 

Self-Help. With Illustrations 

of Conduct and Perseverance By Dr. 
Smilas. Post 8vo, 68. ; or in French, 5s. 

Life and Death of John of 

Barnkvbld, Advocate of Holland. With 
a View of the Primary Causes and Move- 
ments of "The Thirty Years' War." 
By J. L. MoTLBY. Illustrations, a vols, 
post 8vo, zas. 

Rheinsberg ; Memorials of 

Frederick the Great and Prince Henry 
of Prussia. By Andrbw Hamilton. 
^a vols, crown 8vo, sxs. 

Life and Correspondence of 

Dr. Arnold of Rugby. By Dean 
Stanlby. With the Author's latest 
Corrections, and an unpublished Poem 
by Keblb. Portrait, a vols. or. 8vo. zas. 

Memoir of Edward, Catherine, 

and Mary Stanley. By Dean Stanlby. 
Post 8vo, 9s. 

Memoirs of Sir Fowell Buxton, 

with Extracts from his Correspondence. 
By Charlbs Buxton. Portrait 8vo, 
z6l ; or post 8vo, 5s. 

King William IV.'s Corre- 

spondence with the late Eari Grby, 1830- 
183a. Edited by his Son. a vols. 8vo, 306. 



Life of Theodore Hook. By 

J. G. LocKHART. Fcapi 8vo, zs. 

Memoir of Hon. Julian Fane. 

By Lord LvTTON. Portrait Post8vo,5S. 

Selection from the Familiar 

Correspondence of Sir Chaklbs Bbll. 
Portrait Post 8vo, zas. 

Madame de Stael, a Study of 

her Life and Times. By Dr. A. Stsvbns. 
With Portraits, a vols. Crown 8vo, a4S. 

Adventures on the Road to 

Paris, Z8Z3-X4. From the Autobiography 
of Hbnrv Stbffbns. Post 8vo, as. 

Sketches of Eminent Statesmen 

and Writers. Reprinted from the ^m»^ 
Urly Remtvf. By A. Hayward, Q.C 
9 vols. 8vo, aSs. Contbnts :— Thiers, 
Bismarck. Cavour, Mettermich, Monta- 
lembert, Melbourne, Wellesley, Byron 
and Tennyson, Venice, St Simon, S<- 
vign€, Du Deffiud, Holland House, 
Strawberry Hill. 

Life of William Pitt By Earl 

Stanhopb. Portraits. 3 vols. 8vo, 36s. 

Brief Memoir of the Princess 

CharlottbopWalbs. By Lady Ross 
Wbigall. Portrait Crown 8vo, 8s. 6d. 

Life of William Wilberforce. 

By his Son. Portrait Post 8vo, 68. 

Memoirs ; By Sir Robert Peel. 

Edited by Earl Stanhopb and Lord 
Cakdwbli. 9 vols. post8vo, Z5S. 

Mrs. Grote ; a Sketch. By 

Lady Eastlakx. Crown 8vo, 68. 



Literary and Artistic. 



Literary and Artistio. 



Dictionary of Greek & Roman 

BiOGRAMiY and Mythologt. Edited 
1*7 Dr. Wm. Smith. 3 vols. 8vo, 84s. 

Personal Life of George Grote, 

the Historian of Greece. Compiled 
from Family Documents. By Mrs. 
Grots. Portrait 8vo, xas. 

Life and Works of Albert Diirer. 

By MoRiz Thausing. Edited by F. A. ' 
Eaton, Sec. Royal Academy. Illustra- 
tions, a vols. Svo, 43s. 

Michel Angelo, Sculptor, Paint- 
er, and Architect ; including Documents 
fiiom the Buonarroti Archives. By C. 
Hbath Wilson. Plates. 8vo, zss. 

Titian : his Life and Times, 

with some Account of his Family from 
Unpublished Documents. By J. A. 
Crowb and G. B. Cavalcasellb. Illus- 
trations, a vols. 8vo, 9XS. 

The Early Life of Jonathan 

Swift. By John Forstsr. 1667- 
17XX. PortraiL 8vo, xss. 

Life of Dr. Samuel Johnson. 

By Jambs Boswku.. Edited by J. W. 
Crokbr. With Notes by Lord Stowell, 
Sir Walter Scott, Sir James Mackintosh, 
Disraeli, Markland, Lockhart, &c. Me- 
dium 8to, las. 

Johnson's Lives of the English 

Ports. Edited by Cunningham. 3 
vols. 8vo, aas. 6d. 

Life of Jonathan Swift By 

Hbnry Craik, B.A. 8va 



Life and Letters of Lord Byron 

With Notices of his Life. By Thomas 
Moore. Portraits. Royal 8vo, 7s. 6d.; or 
6 vols. fcap. 8vo, 18s. 

Life of Lord Byron, with an 

Essay on his Place in Literature. By 
Carl Elzb. PortraiL 8vo, x68. 

Lives of the British Poets. By 

Thomas Campbell. Post 8vo, 38. 6d. 

Memoir of Sir Charles East- 
lake By Lady Eastlakb. Prefixed 
to his Contributions to the Literature of 
the Fine Arts, a vols. 8vo, 345. 

Popular Biographies — Bunyan, 

Cromwell, Clivb, Cond^ Drake, 
MuNRO. See Homt and Colonial 
Library, p. 3a 

Life and Times of Sir Joshua 

ReynoMs. With Notes of his Contem- 
poraries. By C R. Leslie and Tom 
Taylor. Portraits. ■ a vols. 8vo, 4as. 

Lives of the Early Italian 

Painters; illustrattng the Progress of 
Painting in Italy from Cimabue to Bas- 
sana By Mrs. Jameson. Illustrations. 
Post8vo, xas. 

Lives of the Early Flemish 

Painters, and Notices of their Works. 
By Crowe and Cavalcasbllb. Illus- 
trations. Post 8vo, 78. 6d. ; or large 
paper, xss. 

Life of Horace. By Dean 

MiLMAN. 8V0, 9S. 

Life and Works of Sir Charles 

Barry, R.A. By Canon Barry, D.D. 
Portrait and Illustrations. 8vo, xss. 



Naval and Military. 



Lives of the Warriors of the 

xrth Century. By Sir Edward Cust, 
D.C.L. 6 ytA%. crown 8vo, sos. 

Character, Actions, and Writ- 
ings of Wellington. By Julbs Maurel. 
Fcap. 8vo, xs. 6dL 

Letters and Journals of F.-M. 

Sir Wm. Gomm, G.C.B., Commander-in- 
Chief in India, Constable of the Tower, 
and Colond of the Coldstream Guards, 
X799-X8X5. By F. C Carr Gomm. 
Portraits. 8vo, xss. 

Napoleon at Fontainbleau and 

Elba. Being a Journal of Occurrences 
and Notes of Conversations, &c. By 
Sir Neil Campbell. Portrait. 8vo, xss. 

Letters and Journals of the 

Earl of Elgin, Governor-General of 
India. Edited by Theodore Wal- 
SOMD. 8vo, Z4a. 



Memoirs of the Duke of Sal- 

danha. Soldier and Statesman. With 
Selections from his Correspondence. B^ 
CoNOB DA Carnota. With Portrait 
and Maps, a vols. 8vo, 39s. 

Memoir of Sir John Burgoyne. 

By Sir Francis Head. Post 8vo, xs. 

Autobiography of Sir John 

Barrow, Bart. Portrait 8vo, x6s. 

Private Diary of General Sir 

Robert Wilson : during Missions and 
Employments with the European Armies 
in 18x8-18x4. MapL a vols. 8vo, a68. 

Reminiscences of Forty Years' 

Servicb in India. By Lieut -Gen. 
Sir George Lawrence. Including the 
Cabul Disasters, and Captivities in 
Affghanistan. Crown 8vo, xos. 6d. 

Life of Belisarius. By Lord 

Mahon. Post 8vok zoa. 6d. 



8 



Mr. Murray s List of Works. 



Legal and Soientifio. 



Lives of the Lord Chancellors 

and KsBPBRS of the Great Seal of 
England, from the Earliest Times to the 
death of Lord Eldon, 1838. By Lord 
Campbell, xo vols, post 8vo, 6s. each. 

Lives of the Chief Justices of 

England, from the Norman Conquest 
till the death of Lord Tenterden. By 
Lord Campbell. 4 vols. or. 8vo, fis. each. 

Life and Letters of Lord 

Campbell, Lord Chief-Tustice, and after- 
wards Lord Chancellor of England. 
Based on his Autobiography, Journals, 
and Correspondence. Edited by Hon. 
Mrs. Hardcastle. With Portrait, a 
vols. 8vo, 30S. 

Life of Lord Chancellor Eldon. 

By HoRACB Twiss. Portrait, a vols, 
post 8vo, azs. 

Biographia Juridica. A Bio- 
graphical Dictionary of the Judges of 
England, from the Conquest to x 870. By 
Edward Foss. Medium 8vo, axs. 

Lives of the Engineers. From 

the Earliest Times to the Death of the 
Stephensons. With an Account of the 
Steam Engine and Railway Locomo- 
tive. By Samubl Smiles, LL.D. 9 
Portraits and 340 Woodcuts, 5 vols, crown 
8vo, 7s. 6d. eadu 



Life, Letters, and Journals of 

Sir Charles Lvbll. Edited by hts 
Sister-in-Law, Mrs. Ltbll. Portraits, 
a vols. 8vo, 90S. 
Industrial Biography ; or, Iron- 
Workers and Tool-Makers. By Samuel 
Smiles. Post 8vo, 68. 

Life of Thomas Edward (Shoe- 
maker, of Banff), Scotch Naturalist. By 
Samuel Smiles. Illustrated. Oown 
8vo, xos. 6d. 

Life of Robert Dick (Baker, of 

Thurso), Geologist and Botanist. By 
S. Smiles. Illustrations. Cr. 8vo, xas. 

Memoir of Sir Roderick Mur- 

Wtth Notices of his ( 



poraries, and a Sketch of Palaeoaoic 
Geology in Britain. By Proliessor 
Geikib. Portraits, a vols. 8vo, 30s. 

Memoir and Correspondence 

of Caroline Herschel, Sister of Sir Wil- 
liam and Aunt of Sir Jdm HencheL 
Portraits. Crown 8vo, 7s. 6d. 

Personal Recollections, from 

Early Life to Old Age. By Mart Somes- 
viLLE. Portrait Crown 8vo, zaa. 

Life of Erasmus Darwin. By 

Charles Darwin. With a Study of hn 
Scientific Works by Dr. Krausb. Poi^ 
trait, 8vo, 7s. 6d. 



GEOGRAPHY, VOYAGES, AND TRAVELS. 



The East Indies, China, &c. 
India in 1880. By Sir Richard 

Temple, Bart. 8vo, x68. 

Student's Manual of the Geo- 
graphy of India. By George Smith, 
LL.D. Post 8vo. [/« tkt Prtts, 

Travels of Marco Polo. A 

new Enslish version. ' Illustrated with 
copious Notes. By CoL Yule, C.B. 
Illustrations, a vols. 8vo, 63s. 

A Visit to High Tartary, Yar- 

KAND, and Kashgar, and over the 
Karakorum Pass. By Robert Shaw. 
Illustrations. 8vOp xtis. 

New Japan ; The Land of the 

Rising Sun. Its Annals during the past 
twenty years ; recording the remarkable 
progress of the Japanese in western 
civilisation. By Samuel Mossman. 
Map. 8vo, X5S. 

A Cruise in the Eastern Seas, 

from the Corea to the River Amur. With 
an Account of Russian Siberia, Japan, 
and Formosa. By Capt. B. W. Bax. 
Illustrations. Crown 8vo, xas. 



British Burma and its People : 

Sketches of Native Manners, Customs, 
and Religion. By Capt Forbbs. Ctowb 
8vo, 108. 6d. 

The River of Golden Sand 

Narrative of a Journey through China 
to Buriiudi. By Capt. Wm. Gill, R.E. 
With a Preface by CoL Yulb. With 
Map. 2 vols. 8vo, 308. 

The Satsuma Rebellion. An 

Episode of Modem Japanese History. 
By Augustus H. Moumsev. Map. 
Crown 8vo, xos. 6d. 

Letters from Madras. By a 

Lady. Post 8vo, as. 

Journey to the Source of the 

River Oxus, by the Indus, Kabul, and 
Badakhshan. By Capt. Wood. With 
the Geography of the Valley of the Oxus, 
by Col. YuLB. Map. 8vo, xss. 

Thirteen Years' Residence at 

the Court of China, in the Service of the 
Emperor. By Father Ripa. Pofit8vo,«s. 

Popular Account of the Man- 
ners and Customs of India. By Rev. 
Chas. Acland. Post 8vo, as. 



Geography, Voyages, and Travels. 



Nineveh and its Remains. 

With an Acconnt of a Visit to the Chal- 
dean Christians of Kurdistan, and the 
Vezedis or Devil WorshipfMrs, &c. By 
Sir H. Layaro. Illustrations, a vols. 
8vo, 36s.; or post 8vo, 7s. 6d. 

Nineveh and Babylon ; a Nar- 
rative of a Second Expedition to the 
k Ruins of Assyria, with Travels in Ar- 
menia. By Sir H. Lavakd. Illustra- 
tions. 8vo, SIS. ; or post 8vo» 7s. 6d. 

Unbeaten Tracks in Japan. 

Travels of a Lady in the Interior, includ- 
ing Visits to the Aborigines of Yezo and 
the Shrines of Nikko and Is^. By Isa- 
bella L. Bird. Map and Illustrations, 
a vols, crown 8vo, x^s. 

Japan; Its History, Traditions, 

and Religions, with the Narrative of a 
Visit in 1879. By Sir £. J. Rbbd, 
K.C.B. With Map and lUustrations. 
3 vols. 8vo, a8s. 

Aflrica-Eg3rpt. 

A Popular Account of Dr. Liv- 
ingstone's Travels and Adventures in 
South Africa, 1840-56. Illustrations. 
Post 8vo, 7s. 6d. 

A Popular Account of Dr. Liv- 
ingstone's Expedition to the Zambesi, 
L^es Shirwa and Nyassa, 1858-64. 
Illustrations. Post 8vo, 7s. 6d. 

Dr. Livingstone's Last Journals 

in Central Africa, 1865-73. With a 
Narrative of his last moments and suffer- 
ings. By Rev. Horacb Waller. Il- 
lustrations, a vols. 8vo, X5S. 

Livingstonia ; Journal of Ad- 
ventures in Exploring Lake Nyassa, and 
EsUblishinga Settlement there. By E. 
D. Young, K.N. Map. Post 8vo, 7s. 6d. 

Explorations in Equatorial 

Africa, with Accounts of the Savage 
Tribes, the Gorilla, &c. By P. di; 
Chafllu. Illustrations. 8vo, ais. 

Journey to Ashango Land, and 

Further Penetration into Equatorial 
Africa. By P. B. du Chaillu. Illus- 
trations. 8V0, 9XS. 

Adventures and Discoveries 

among the Lakes and Mountains of 
Eastern Africa. By Captain Elton 
and H. B. Cottsrill. With Map and 
Illustrations. 8vo, 21s. 

Wanderings South of the Atlas 

Mountains, in the Great Sahara. By 
Canon Tristram. Illustrations. Post 
8vo, X5S. 

Six Months in Ascension. An 

Unscientific Account of a Scientific Ex- 
pedition. By Mrs. Gill. Map. Crown 
8vo. 9s. ' 



Five Years' Adventures in the 

far Interior of S. Africa with the Wild 
Beasts of the Forests. By R. Gordon 
Gumming. Woodcuts. Post 8vo, 6s. 

Recollections of Fighting and 

Hunting in South Africa, 1834-67. By 
Gen. Sir John Bissbt, CB. Illustra- 
tions. Crown 8vo, X4S. 

Nile Gleanings : The Ethno- 
logy, History, and Art of Ancient Egypt, 
as revealed by Paintings and Bas-Reliefs. 
By H. ViLLiBRS Stuart. With 50 
coloured Illustrations. Royal 8vo, 3is.6d. 

The Country of the Moors. A 

Journey from Tripoli in Bart>ary to the 
Holy City of Kairwan. By Edward 
Rab. Illustrations. Crown 8vo, xas. 

A Residence in Sierra Leone, 

described from a Journal kept on the 
SfNOt By a Lady. Post 8vo, 3s. 6d. 

British Mission to Abyssinia. 

With Notices of the Countries traversed 
from Massowah, through the Soodan, 
and back to Magdala. By Hormuzd 
Rassam. Illustrations, a vols. 30s. 

Sport in Abyssinia. By Earl 

of Mayo. Illustrations. Crown 8vo, xas. 

Abyssinia during a Three 

Years' Residence. By Manspisld Par- 
KYNs. Woodcuts. Post 8vo, 7s. 6d. 

Adventures in the Libyan De- 
sert By B. St. John. Post 8vo, as. 

Travels in Eg)rpt, Nubia, Syria, 

and the Holy Land. By Captains Irbv 
and Manclbs. Post 8vo, as. 

The Cradle of the Blue Nile. 

A Visit to the Court of Kuig John of 
Ethiopia. By E. A. db Cosson. Illus- 
trations. 2 vols, post 8vo, axs. 

An Account of the Manners 

and Customs of the Modem Egyptians. 
By Edward Wm. Lanb. Woodcuts, 
a vols, post 8vo, iss. 

Madagascar Revisited ; De- 
scribing the Persecutions endured by the 
Christian Converts. By Rev. W. Elus. 
Illustrations, 8vo, x6b. 

Mediterranea&-~Greeoe9 
Turkey in Europe. 

Travels in Asia Minor : 

With Antiquarian Researches and Disco- 
veries, and lUustrations of Biblical Litera- 
ture and Archaeology. Bv H. Van Len- 
NBp. lUustrations. a voU. post 8vo, 94s. 

Ilios; a History of the City 

and Country of the Trojans, including 
all Recent Discoveries on the Site ^ 
Trov and the Troad in x87x-3and 1878-9. 
With an Autobiography. By Dr. Schub- 
mann. lUustrations. Imperial 8vo, 508. 



lO 



Mr. Murray's List of Works 



Discoveries on the Sites of 

Ancient Mycenae tuid Tiryns. By Dr. 
ScHLiRMANN. With ft Preface by the 
Right Hon. W. £. Gladstonb, M.P. 
lUustratiosis. Medium 8vo, 508. 

Cyprus; its Ancient Cities, 

Tombs, and Temples. A Narrative of 
Reseaxches and Excavations during Ten 
Years' Residence in that Island. By 
* Louis P. dx Cesnola. Illustrations. 
Medium 8vo, 508. 

Bulgaria before the War : a 

Seven Years' Experience of European 
Turkey and its Inhabitants. By H. C 
Barklby. Post 8vo, zos. 6d. 

Between the Danube and the 

Black Sea : or. Five Years in Bulgaria. 
By H. C Barkley. Post 8vo, los. 6d. 

Researches in the Highlands 

of Turkey. With Notes on the Classical 
f Superstitions of the Modem Greek. By 
Rev.H.F. To2KR. Illustrations, a vols, 
crown 8vo, 24s. 

Lectures on the Geography of 

Greece. By Rev. H. F. TozBS. Map. 
Post 8vo, 9s. 

Twenty Years' Residence 

among the Bulgarians, Greeks, Albani- 
ans, Turks, and Armenians. By a Con- 
sul's Wife, a vols, crown 8vo, ais. 

Reminiscences of Athens and 

the Morea, during Travels in Greece. 
By Lord Carnarvon. Crown 8vo, 
78. 6d. 

Asia, Byriay Holy Iiand. 

England and Russia in the East. 

A Series of Papers on the Political and 
Geonaphical Condition of Central Asia. 
By Sir H. Rawlinson. Map. 8vo, xas. 

The Caucasus, Persia and Tur- 
key in Asia. A jotunev to Tabreez, 
Kurdistan, down the Tigris and Eu- 
phrates to Nineveh and Babylon, and 
across the Desert to Palmyra. By 
Baron Thiblmann. Illustrations. 2 
vols, post 8vo, 18s. 

Sketches of the Manners and 

Customs of Persia. By Sir John Mal- 
^ coLM. Post 8vo, 3s. 6d. 

Sinai and Palestine; in Con- 
nection with their History. By Dean 
Stanley. Plans. 8vo, 145. 

The Bible in the Holy Land. 

Extracts from the above Work. Wood- 
cuts. Fcap. 8vo, 9S. 6d. 

Journal of Researches in the 

Holy Land in 1838 and 1853. With 
Historical IllustiaUons. By Edward 
Robinson, D.D. Maps. 3 vols. 8vo, 4as. 

Damascus, Palmyra, Lebanon; 

with Travels among the Giant Cities of 
Bashan and the Hauran. By Rev. J. L. 
PoRTBX. Woodcuts. Post 8vo, 7s. 6d. 



The Jordan, the Nile, Red Sea, 

Lake of Gennesareth, etc. The Cruise 
of the Rob Roy in Palestine;, Egypt, 
and the Waters of Damascus. By John 
Maccrbcok. Illustrations. Post 8vo, 
7S.6d. 

The Land of Moab. Travels 

and Discoveries on the East Side of the 
Dead Sea and the Jordan. By Canon 
Tristram. Illustrations. Cr. 8vo, 15s. 

The Bedouins of the Euphrates 

Valley. By Lady Anns Blunt. With 
some account of the Arab Horses. Illus- 
trations, a vols, crown 6vo, 941. 

A Pilgrimage to Nejd, the 

Cradle of the Arab Race, and a Visit 
to the Court of the Arab Emir. By Lady 
Anne Blunt. With Illustrations. 2 
vols, post 8vo, a4s. 

Visits to the Monasteries of the 

Levant. By the Hon. Robbrt Cuszdn 
(Lord de la Zouche). With lilustratiaas. 
Post 8vo, 7s. 6d. 

Australia^ PolyneBia^ &o. 

Discoveries in New Guinea. 

A Cruise in Polynesia, and Visits to 
Torres Straits, etc. By Capt Moresby, 
lUustrations. 8vo, 15$. 

The Gardens of the Sun ; or a 

Naturalist's Journal on the Mountains 
and in the Forests and Swamps 6[ Bor- 
neo and the Sulu Archipelago. By 
F. W. BuRBiDCB. With Illustrations. 
Crown 8vo, r4S. 

A Boy's Voyage Round the 

Worid. Edited by Samuel Smiles. 
Woodcuts. Small 8vo, 6s. 

Hawaiian Archipelago ; Six 

Months among the Palm Groves, Coral 
Reefs, and Volcanoes of the Sandwich 
Islands. By Isabella Bird. Illus- 
trations. Crown 8vo, 7s. 6d. 

Ride Through the Disturbed 

Districts of New Zealand to Lake 
Taupo at the time of the Rebellion ; with 
notes of the South Sea Islands. By Hon. 
H. Meade. Illustrations. 8vo, X2S. 

Typee and Omoo; or the 

Marquesas and South Sea Islanders. By 
H. 'Melville, a vols, post 8vo, 7s. 

Notes and Sketches of New 

South Wales. By Mrs. Meredith. 
Post 8vo, as. 

America* West Indies, Arctic 

Begions. 
A Lady's Life in the Rocky 

Mountains. By Isabella Bird. Illus- 
trations. Post 8vo, 7s. 6d. 

Mexico and the Rocky Moun- 
tains. By George F. Ruxton. Post 
8vc, 38. 6d. 



in Voyages and Travels. 



II 



Pioneering in South Brazil. 

Three Years of Forest and Prairie Life 
in the Province of ParalLa. By T. P. 
Bigg Wither. Illustrations, a vols, 
crown 8vo, a4S. 

The Naturalist on the River 

AuAZOhf, with Adventures durinz 
Eleven Years of Travel By H. W. 
Batb& Illustrations. Post 8vo, 7s. 6d. 

Voyage up the River Amazon 

and a visit to Para. By William H. 
Edwards. Post 8vo, as. 

Voyage of a Naturalist round the 

World. By Cm AS. Darwin. Post8vo,9S. 

The Patagonians ; a Year's 

Wandering over Untrodden Ground from 
the Straits of Magellan to the Rio Neero. 
By Capt MusTBXS. Illustrations, fost 
8vo, 7s. 6d. 

Voyage of the "Fox" in the 

Arctic Skas, and the Discovery of the 
Fate of Sir John Franklin and his Com- 
panions. By Sir Lbofold M*Clintock. 
Illustrations. Post 8vo» 7s. 6d. 

Perils of the Polar Seas. True 

Stories of Arctic Discovery and Adven- 
ture. By Mrs. Chisholm. Illustrations. 
Small 8v0f 6s. 

Communistic Societies of the 

Unitbd States; their Religious Creeds, 
Social Practices, and Present Condition. 
By Charles Nordhopp. Illustrations. 
8vo, Z5S. 

Europe. 
The White Sea Peninsula. A 

Journey to the White Sea, and the Kola 
Peninsula. By Edward Rab. With 
Map^ za Etchings, and 24 Woodcuts. 
Crown 8vo, 158. 

The Land of the Midnight Sun. 

Summer and Winter Journeys through 
Sweden. Norway, Lapland, and NorUi- 
em Finland. With descriptions of the 
Inner Life of the People, their Manners, 
Customs, Primitive Antiquities, etc By 
Paul B. du Chaillu. Map and 235 
Illustrations, a vols. 8vo, 36s. 

Etchings on the Mosel : a 

Series of 90 Plates, with Descriptive Let- 
terpress. By Ernest George. Folio, 4as. 

Etchings from the Loire and 

South of France. In a Series of Twenty 
Plates, with Descriptive Text. By 
Ernest George. Folio, 4as. 

Field Paths and Green Lanes. 

Being Country Walks, chiefly in Surrey 
and Sussex. By Louis J. Jennings. 
Illustrations. Post 8vo, zos. 6d. 

Rambles among the Hills ; or, 

Walks on the Peak of Derbvshire and 
in the South Downs. By L. J. Jen- 
nings. With Illustrations. PostSvo, zas. 

Twenty Years in the Wild 

West of Ireland ; or, Life in ConnaughL 
By Mrs. HousTOUN. Crown 8vo, 9s. 



The Ascent of the Matterhom. 

By Edward Whympsr. xoo Illustra- 
^ tions. Medium 8vo, zos. 6d. 

Siberia in Europe ; a Natural- 
ist's Voyage to the Valley of the Pet- 
chora in N.E. Russia. By Henry 
Sbbbohm. With Map and Illustrations. 
Crown 8vOj 148. 

A Month m Norway. By J. G. 

Hollwav. Fcap. 8vo, as. 

Letters from the Shores of the 

Baltic. By a Ladv. Post 8vo, as. 

Letters from High Latitudes: 

An Account of a Yacht Voyage to Ice- 
land, Jan Mayen, and Spitzbergen. By 
Lord Duffbrin. Illustrations. Crown 
8vo, 7s. 6d. 

The Bible in Spain; or, the 

Joumesrs, Adventures, and Imprison- 
ments of an Englishman in the Peninsula. 
By George Borrow. Post 8vo, 5s. 

The Gypsies of Spain; their 

Manners, Customs, Religion, and Lan- 
guage. By Geo. Borrow. Post 8ro, 5s. 

Gatherings from Spain. By 

Richard Ford. Post 8vo, 3s. 6d. 

Bubbles from the Brunnen of 

Nassau. By Sir Francis Head. 
Woodcuts. Post 8vo, 7s. 6d. 

Qeneral Qeography. 

A History of Ancient Geo- 
graphy among the Greeks and Romans, 
from the Earliest Ages till the Fall of the 
Roman Empire. By E. H. Bumbury. 
9 vols. 8vo, 42s. 

Art of Travel; or, Hints on 

th« Shifts and Contrivances available 
in Wild Countries. By Francis Galton. 
Woodcuts. Post 8vo, 7s. 6d. 

Dictionary of Greek and Roman 

Geography. Edited by Dr. Wm. Smith. 
a vols, royal 8vo, 56s. 

Atlas of Ancient Geography, 

Biblical and Classical, compiled under 
tl^ superintendence of Dr. Wm. Smith 
and Mr. George Grove. Folio, ;^6 : 6s. 

Student's Manual of Ancient 

Geography. By Canon Bbvan, M.A. 
Woodcuts. Post 8vo, 7s. 6d. , 

Student's Manual of Modem 

Geography, Mathematical, Physical, and 
Descriptive. By Canon Bevan, M.A. 
Woodcuts. Post 8vo, 7s. 6d. 

A School Manual of Modem 

Geography, Physical and Political By 
John Richardson, M.A. Post 8vo, 5s. 

A Smaller Manual of Modem 

* Geography, Physical and Political. Post 
8vo, as. 6d. 

Joumal of the Royal Geogra- 
phical Society. 8vo. From Z83X to the 
present time. 
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Mr. Murray's List of 



HANDBOOKS FOR TRAVELLERS. 



Foreign. 

Handbook — Travel Talk;— 

English, French, Gennan, and Italian. 
x6mo, 3S. 6d. 

Handbook — Holland and Bel- 
gium. Maps and Plans. Post 8vo, 6s. 

Handbook — North Germany; 

the Rhine, the Black Forest, the Hartz, 
ThQringerwald, Saxon Switzerland, 
Rfigen, the Giant Mountains, Taunus, 
Odenwald, Elass, and Lothringen. 
Map and Plans. Post 8vo, zos. 

Handbook — Switzerland; The 

Alps of Savoy and Piedmont Maps 
and Plans. In Two Parts. Post 8vo, xos. 

Handbook — South Germany; 

Tyrol, Bavaria, Austria, Salzburg, 
Styria, Hungary, and the Danube from 
Ulm to the Black Sea. Maps and 
Plans. Post 8vo, xos. 

Handbook — France. Part I. 

Normandv; Brittany, The French Alps, 
the Loire, Seine, Garonne,'and Pyrenees. 
Maps and Plans. Post 8vo, 7s. 6d. 

Handbook — France. Part II. 

Auvergne, the Cevennes, Burgundy, 'the 
Rhone and Saone, Provence, Mimes, 
Aries, Marseilles, the French Ali», Al- 
sace, Loixaine, Champagne, etc. Maps 
' and Plans. Post 8vo, 7s. 6d. 

Handbook — Paris and its En- 
virons. Maps and Plans. x6mo, 3s. 6d. 

Handbook — Mediterranean : 

Its principal Islands, Cities, Seaports, 
Harbours, and Borderlands. With nearly 
50 Maps and Plans. Post 8vo, aos. 

Handbook — AlgeriaandTunis ; 

Algiers, Constantin, Gran, the Atlas 
Range, etc. Maps and Plans. Post 
8vo, zos. 

Handbook — Spain ; Madrid, 

The Castiles, Basque, Asturias, Galicia, 
Estremadura, Andalu.«a, Ronda, Gran- 
ada, Murcia, Valencia, Catalonia, Araeon, 
Navarre, Balearic Islands. Maps 
and Plans. Post 8vo, aos. 

Handbook — Portugal ; Lisbon, 

Oporto, Cintra, etc. Map. PostSvo, zas. 

Handbook— North Italy; Pied- 
mont, Nice, Lombardy, Venice, Parma. 
Modena, and Romagna. Maps and 
Plans. Post 8vo, zos. 

Handbook — Central Italy; Tus- 
cany, Florence, Lucca, Umbria, The 
Marches, and the Patrimony of St Peter. 
Maps and Plans. Post 8vo, zos. 

The Cicerone; or, Art Guide 

to Painting in Italy. By Dr. Jacob 

BUKCKHAKDT. PoSt 8V0, 68. 



Handbook — Rome and its En- 
virons. Map and Plans. Post 8vo, xos. 

Handbook— South Italy; Two 

Sicilies, Naples, Pomoeii, Herculancum, 
Vesuvius, AbruzzL Maps and Plans. 

Post 8vO, Z06. 

Handbook — Egjrpt ; the Nile, 

* Egypt, Nubia, Alexandria, Cairo, The 
Pvramids/Thebes, Suez Canal, Peninsula 
or Sinai, The Oases, the Fvoom. Map 
and Plans. In Two Parts. Post8vo, zss. 

Handbook — Greece ; Ionian 

Islands, Athens, Pploponnesos, .Agaean 
Sea, Albania, Thessaly, and Macedonia. 
Maps and Plazis. Post 8vo. 

Handbook — Turkey in Asia; 

Constantinople, The Borohorus, Darda- 
nelles, Brousa, Plain of Troy, Crete, 
Cyprus, Smyrna, Ephesus, the Seven 
Churches, Coasts of the Black Sea, 
Armenia, Mesopotamia. Maps and 
Plans. Post 8vo, Z5$. 

Handbook — Denmark ; Sles- 

wig-Holstein, Copenhagen, Jutland, Ice- 
land. Maps and rlans. PostSvo, 6s. 

Handbook — Sweden ; Stock- 
holm, Upsala, Gothenburg, the Shores of 
the Baltic, etc. Maps and Plans. PostSvo. 

Handbook — Norway ; Christi- 

ania, Bergen, Trondhjem, the Fjelds, 
Iceland. Maps and Plans. Post 8vo, 9s. 

Handbook — Russia; St Peters- 
burg, Moscow, Poland, Finland, The 
Crimea, Caucasus, Siberia, and Central 
Asia. Maps and Plans. Post 8vo, z8s. 

Handbook — Bombay. Map. 

Post 8vo, Z58. 

Handbook — Madras. Maps 

and Plans. Post 8vo, zss. 

Handbook — Bengal. Map. 

Post 8vo, Z58. 

Handbook — Holy Land; Syria, 

Palestine, Sinai, Edom and the Syrian 
Deserts, Jerusalem, Petra, Damascus, 
and Palmyra. Maps and Plans. Post 
8vo, aos. 

Travelling Map of Palestine^ 

Mounted and tn a Case. Z2S. 

Englieh. 
Handbook — London as it is. 

Map and Plans. z6mo, 3s. 6d. 

Handbook — Environs of Lon- 
don, within ao miles round of the Metro- 
polis. 3 vols. Post 8vo, azs. 

Handbook — England & Wales. 

Condensed in one Volume. Formizig 
a Companion to Bradshaw's Railway 
Tables. Map. Post 8vo, zos. 
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Somerset ; Salisbunr, S 
penham, Weymouth, S 
Bath, Bristol, etc Ma] 



Handbook — Eastern Counties ; 

. Chehnsford, Harwich, Colchester, Mal- 
don, Cambridge, Ely, Newmarket, Bury, 
Ipswich, Woodbridge, Felixstowe, Lowe- 
stoft, Norwich, Yarmouth, Oromer. Map 
and Plans. Post 8vo, xas. 

Handbook — Kent ; Canter- 
bury, Dover, Ramsnte, Rochester, 
Chatham. Map and Plana. Post 8to, 
7S. 6d. 

Handbook — Sussex ; Brighton, 

Eastbourne, Chichester, Hastings, 
Lewes, Arundel, etc Map. PostSvo, 6s. 

Handbook — Surrey and Hants ; 

Kingston, Croydon, Reigate, Guild- 
ford, Dorkinff, Boxhill, Winchester, 
Southampton, New Forest, Portsmouth, 
Isle of Wight Maps and Plans. Post 
8vo, zos. 

Handbook — Berks, Bucks, and 

Oxon ; Windsor, Eton, Reading^ Ayles- 
bury, Henley, Oxford, Blenheim, and 
the Thames. Map and Plans. PostSvo. 

Handbook — ^Wilts, Dorset, and 

Somerset ; Salisbuij, Stonehenge, Chip- 
, Sherborne, Wells, 
dap. Post 8vo, xos. 

Handbook — Devon ; Exeter, 

. Ilfracombe, Linton, Sidmouth, Dawlish, 
Teignmouth, Plymouth, Devonport, 
Torquay. Maps and Plans. Post 8vo, 
7S. 6d. 

Handbook — Cornwall; Laun- 

ceston. Penzance, Falmouth, The Li- 
zard, Land's End. Maps. Post 8vo, 6s. 

Handbook — Gloucester, Here- 
ford, and Worcester : Cirencester, Chelt- 
enham. Stroud, Tewkesbury, Leominster, 
Ross, Afalvem, Kidderminster, Dudley, 
Evesham. Map. Post 8vo. 

Handbook — North Wales ; 

Bangor. Carnarvon, Beaumaris, Snow- 
don, Llanberis, Dolgelly, Cader Idris, 
Conway. Map. Post 8vo, 7s. 

Handbook — South Wales ; 

Monmouth, Llandaff, Merthyr, Vale of 
Neath, Pembroke, Carmarthen, Tenby, 
Swansea, the Wye. Map^ Post 8vo, 7s. 

Handbook — Derby, Notts, Lei- 
cester, and Stafford ; Matlock, Bakewell, 
Chatsworth, The Peak, Buxton, Hard- 
wick, Dovedale, Ashboum, Southwell, 
Mansfield, Retford, Burton, Bclvoir, 
Melton Mowbray, Wolverhampton, Lich- 
field, Tamworth. Map. Post 8vo, 9B. 



Handbook — Shropshire & Che- 

'shire, Shrewsbury, Ludlow, Bridgnorth, 
Oswestry, Chester, Crewe, Alderley, 
Stockport, Birkenhead. Maps and Plans 
Post 8vo, 6s. 

Handbook — Lancashire; War- 



rington, Bury, Manchester, Liverpool, 
Burnley, CliUieroe, Bolton, Blackburn, 
Wigan, Preston. Kochdale, Lancaster, 



Southport, Blackpool Map. Post 8vo, 
7s. 6d. 

Handbook— Northamptonshire 

and Rutland; Northampton, Peter- 
borough, Towcester, Daventry, Market 
Harborough,Kettering,Wallingborough, 
Thrapston, Stamford, Uppingham, Oak- 
ham. Maps. Post 8vo, 7s. 6d. 

Handbook — Yorkshire ; Don- 
caster, HulL Selby, Beverley, Scar- 
borough, Whitby, Harrogate, Ripon, 
Leeds, Wakefield, Bradford, HaUfax, 
Huddersiield, Sheffield. Map and Plans. 
Post 8vo, xas. 

Handbook — Diirham and 

Northumberland; Newcastle, Darling- 
ton, Bishop Auckland, Stockton, Hartle- 
pool, Sunderland, Shields, Berwick, Tyne- 
mouth, Alnwick. Map. Post 8vo, 9s. 

Handbook — ^Westmorland and 

Cumberland : Lancaster, Fumess Abbey, 
Ambleside, Kendal, Windermere, Conis- 
ton, Keswick, Grasmere, Ulswater, Car- 
lisle, Cockermottth, Penrith, Appleby. 
Map. PostSvo. 

Travelling Map of the Lake 

DUtrici, y, 6d. * 

Handbook — Scotland ; Edin- 
burgh, Melrose, Abbotsford, Glasgow, 
Dumfries, Galloway, Ayr, Stirling, Arran, 
The Qyde, Oban, Inverary, Loch Lo- 
mond, Loch Katrine and Trossachs, Cale- 
donian Canal, Inverness, Perth, Dundee, 
Aberdeen, Braemar, Skve, Caithness, 
Ross, and Sutherland. Maps and Plans. 
Post 8vo, 9s. 

Handbook — Ireland ; Dublin, 

Belfast, The Giant's Causeway, Bantry, 
Glengariff, etc, Donegal, Galway, Wex- 
ford, Cork, Limerick, Waterford, Kil- 
lamey. Maps and Plans. Post 8vo, zos. 

Handbook — Herts, Beds, War- 
wick. Map. PostSvo. iln /rt/amtUn. 

Handbook — Huntingdon and 

Lincoln. Map. Post 8vo. 
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ENGLISH CATHEDRALS. 



Handbook — Southern Cathe- 
drals. Winchester, Salisbury, Exeter, 
Wells, Rochester, Canterbury, Chiches- 
ter, and St. Albans. Illustrations, a 
vou. Crown 8vo, 36a. 

Handbook — Eastern Cathe- 
drals. Oxford, Peterboroufi^h, Ely. Noi^ 
wich, and Lincoln. Illustrations. Crown 
8vo, ais. 

Handbook — Western Cathe- 
drals. Bristol, Gloucester, Hereford, 
Worcester, and Lichfield. With 60 Illus- 
trations. Crown 8vo, z6s. 



Handbook — Northern Cathe- 
drals. York, Ripon, Durham, Carlide, 
Chester, and Manchester. Illustratioo&. 
a vols. Crown 8vo^ axs. 

Handbook— Welsh Cathedrals. 

Llandaff, St David's, Bangor, and St. 
Asaph's. Illustrations. Crown 8vd, 155. 

Handbook— St Alban's Cathe- 
dral. Illustrations. Cro^ni 8vo, 6s. 

Handbook— St Paul's. Illus- 

trations. Crown 8vo, xos. 6d. 



RELIGION AND THEOLOGY. 

The Speaker's Commentary on 

Thb Biblb. Explanatory and Critical, 
With a Revision of the Translation. _ By 



Bishops and Qergy of the Anglican 
Churcn. Edited by Canon Cook. Medi- 
um 8vo. Old Test. : 6 vols., X35S. 
New Test. : 4 vols., 94s. Set p. a, atUe, 

The New Testament : Edited, 

with a short Practical Commentary, by 
Archdeacon Churton and Bidiop Basil 
Jokes. M^th xoo Illustrations, a vols. 
Crown 8vo, axs. 

The Student's Edition of the 

Speaker's Commentary on the Bible. 
Abridged and Edited by John M. 
FuLLKR, M.A. Crown 8va Set p, 2, 

Dictionary of the Bible ; its 

Antiquities, Biography, Geographv, and 
Natural History. By various Wntera. 
Edited by Dr. Wm. Smith. Illuslra- 
tions. 3 vols. 8vo, 1053. 

Concise Bible Dictionary. For 

the use of Students and Families. Con- 
densed from the above. Maps and 300 
Illustrations. 8vo, axs. 

Smaller Bible Dictionary; for 

Schools and Young Persons. Abridged 
from the above. Maps and Woodcuts. 
Crown 8vo, 7s. 6d. 

Dictionary of Christian Anti- 

QUiTiBS ; comprising the Histoiy, Insti- 
tutions, and Antiquities of the Christian 
Church. Edited by Dr. Wm. Smith, 
and Archdeacon Chbbtham. Illustra- 
tions. 9 vols. 8vo, &y.rz'-^ 

Church Dictionary. By Dean 

Hook. 8vo, 16s. 

Dictionary of Christian Bio- 
graphy, Literature, Sects, and Doc- 
trines ; from the Times of the Apostles 
to the Age of Charlemagne. Edited by 
Dr. Wm. Smith and Professor Wacb. 
Vols. I. & II. 8vo, 31S. 6d. each. 

A Dictionary of H)niinology; 

A Companion to existing Hymn Books. 
Setting forth the Origin and History of 
the Hymns in the most poptilar Hymnials, 



together with Bioeraphical Notices of 
their Authors and Translators, and their 
Sources and Origins. By Rev. Johm 
Julian. 8vo. 

The Student's Manual of Eng- 
lish Church History. By Canon Pbxky. 
Seep, 27. 

Student's Manual of Ecclesias- 
tical History. By PHtup Smith, RA. 
Seep. 37. 

Student's Old Testament His- 

TOXY. From the Creation to the re- 
turn of the Jews from Captivity. By 
P. Smith. Woodcuts. Post 8vo, 7s. 6d. 

Student's New Testament His- 

TORV. With an Introduction connect- 
ing the History of the Old and New 
Testaments. By Philip Smith. Wood- 
cuts. Post 8vo, 7s. 6d. 

History of Latin Christianity, 

including that of the Popes to the Ponti- 
ficate ot Nicholas V. By Dean Mil- 
man. 9 vols, crown 8vo, 54s. 

The Gospel and its Witnesses. 

The Principal Facts in the Life of our 
Lord, and the Authority of the Evan- 
gelical Narratives. Bv Hknky Wacs, 
M.A., Preacher of Lincohi's Inn, etc. 
Crown 8vo. 

Book of Common Prayer ; 

with Historical Notes. By Rev. Thomas 
Jambs. With Initial Letters, Vignettes, 
etc 8vo, x8s. 

A Book of Family Prayers: Se- 
lected from the Liturgy of the English 
Church. With Preface. By Chaklbs 
E. Pollock. x6mo, 3s. 6d. 

Signs and Wonders in the Land 

of Ham. With Ancient and Modem 
Parallels and Illustrations. By Rev. T. 
S. MiLLiNGTON. Woodcuts. 8vo, 7S. 6d. 

The Talmud: Selected Ex- 
tracts, chiefly Illustrating the Teach- 
ing of the Bible. With an Introduction. 
By Bishop Barclay. Illustrations. 
8vo, 14s. 
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Notes on some Passages m the 

Liturgical History of the Reformed Eng- 
luh Church. By Lord Sblborni^ 
8vo, 6$. 

History of the Christian Church 

from the Apostolic Ajre to the Reforma- 
tion, A.D. 64-15x7. By Canon Robbst- 
SON. 8 vols, post 8vo, 6s. each. 

Undesi^ed Scriptural Coinci- 
dences in the Old and New Testaments ; 
a Test of their Veracity, By Rev. J. J. 
Blunt. Post 8vo, 6s. 

History of the Christian Church 

in the First Three Centuries. By Rev. 
J. J. Blunt. Post Svo, 6s. 

The Parish Priest; His Duties, 

Acquirements, and Obligations. By Rev. 
J. J. Blunt. Post Svo, 68. 

Biblical Researches in Pales- 
tine and the Adjacent Regions. A Jour- 
nal of Travels and Researches. With 
Historical Illustrations. By Edward 
Robinson, D.D. Maps. 3 vols. Svo, 4as. 

Psalms of David ; with Notes, 

Explanatory and CriticaL By Dean 
Johnson, Canon Elliott, and Canon 
Cook. Medium Svo, xos. 6d. 

The Witness of the Psalms to 

Christ and Christianity. The Bampton 
Lectures for 1876. By the Bishop of 
Dbrrv. Svo, X4S. 

The Manifold Witness for 

Christ : being an Attempt to Exhibit the 
Combined Force of Various Evidences, 
Direct and Indirect, of Christianity. By 
' Canon Barry. Svo, xas. 

University Sermons. By Rev. 

J. J. Blunt. Post Svo, 6s. 

Chiu-ch and the Age : a Series 

of E^ssa^ on the Princioles and Pre- 
sent Position of the Anglican Church. 
By various Writers, a vols. Svo, 36s. 

The Synoptic Gospels, — The 

Death of Christ,— The Worth of Life,— 
Design in Nature, and other Essays. 
By Archbishop Thomson. Cr. Svo, 9s. 

Companions for the Devout 

Life. Lectures delivered at St James' 
Church. 1875-76. ByArchb. of Dublin 
— Bps. of Ely and Deny— Deans of St. 
Paul's, Norwich, Chester, and Chi- 
chester — Canons Ash well, Barry, and 
Farrar — Revs. Humphry, Carter, and 
Bickersteth. Post Svo, ^ 

Classic Preachers of the Eng- 
lish Church. 

First Skribs. X877. Donne, Barrow, 
South. Beveridge, Wilson, Butler. With 
Introduction. Post Svo, 7s. 6d. 

Second Series. 1878. Bull, Hors- 
ley, Taylor, Sanderson, Tillotson, An- 
drewes. Post Svo, 7s. 6d. 



Masters in English Theology. 

Lectuzes delivered at Kinff^s College, 
London. By Canon Bakry, Dean of St. 
Paul's, Pro£ Plumptrb, Canons West- 
COTT and Faxrar, and Archdeacon 
Chebtham. Post Svo, 78. 6d. 

Essays on Cathedrals. By 

various Authors. Edited, with an In- 
troduction, by Dean Howson. Svo, zas. 

The Cathedral : its Necessary 

Place in the Life and Woik of the 
Church. By the Bishop of Truro. 
Crown Svo, 6s. 

The Outlook: a Charge de- 
livered at his Primary Visitation, Nov. 
xSSi. By the Bishop of Rochester. 
Map. Svo, fls. 

Should the Revised New Testa- 
ment be Authorised r By Sir Edmund 
Beckett, Q.C Post Svo. 

The Gallican Church. From 

the Concordat of Bolojpia, 1516, to the 
Revolution. With an mtroduction. By 
W.H.JBRVIS. Portraits. 3 vols. Svo, aSs. 

Continuity of Scripture, as 

declared by the Testimony of Our Lord 
and of the Evangelists and Apostles. 
By Lord Hatherlby. Svo, 6s. ; or cheap 
edition, as. 6d. 

Bible Lands : their Modem 

Customs and Manners, illustrative of 
Scripture. By Henry Van Lbnnbp, 
D.D. Illustrations. 8vo, ais. 

The Shadows of a Sick Room. 

With Preface by Canon Liddon. 
z6mo, as. 6d. 

An Argument for the Divinity 

of Jesus Christ From "Le Chiistian- 
isme et les temps presents.'* By Abbb 
£u. Bougaud. Translated by C. L. 
CuRRiB. Fcap. 8vo. 

Manual of Family Prayer; ar- 
ranged on a card. Svo, as. 

Treatise on the Augustinian 

Doctrine of Predestination. By Canon 
MozLBY. Crown Svo, qs. 

Foundations of Religion in the 

Mind and Heart of Man. By Sir John 
By LBS. Post Svo, 68. 

Hymns adapted to the Church 

Service. By Bishop Heber. x6mo, 
IS. 6d. 

The Nicene and Apostles' 

Creeds. Their Literary History, with 
some account of *'The Creed of St. 
Athanasius." By Canon Swainson. 
Svo, x6s. 

The Limits of Religious 

Thoug^ht examined. Bampton Lectures 
By Dean Mansel. Post 8vo» Ss. 6d 

Christian Institutions ; Essays 

on Ecclesiastical Subjects. By Dean 
Stanley. Svo. xas. 
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Epistles of St Paul to the 

Corinthians. The Greek Text; with 
Critical Notes and Dissertations. By 
Dean Stanlxy. 8vo, z8s. 

Lectures on the History of the 

Eastern Ck ukck. By Dean Stanlby. 

8V0, ZM. 

Lectures on the History of the 

Jkwish Church. By Dean Stanley. 
zst and ad Series, Abraham to the Cap- 
tirity. Maps, a vols. 8vo, a4S. 3d 
Series, Captivity to the Christian Era. 
Maps. 8vo, Z4S. 

Sermons preached during the 

Tour of the Prince of Wales in the East 
By Dean Stanley. With Notices of 
the Localities visited. 8vo, 98. 

Sermons Preached in West- 
minster Abbey on Public Occasions. By 
the late Dean Stanley. 8vo. 

The Beatitudes : and other Ser- 
mons addressed to Children in West- 
minster Abbey. By the late Dean 
Stanley. Fcap. 8vo. 

Sermons preached in Lincoln's- 

Inn. By Canon Cook. 8vo, 9s. 

Benedicite ; or, Song of the 

Three Children. Being Illustrations of 
the Power, Beneficence,and Design mani- 
fested by the Creator in His Works. By G. 
C Child Chaplin, M. D. Post 8vo, 6s. 

Sermons preached at Lincoln's- 

Inn. By Archbp. Thomson. 8vo, xos.6d. 



Life in the Light of God's 

Word. ByArchbp.THOMSON. PostSvo.ss. 

Life in Faith. Sermons 

preached at Cheltenham and Rugby 
By T. W. Jex-Blake, D.D. Small 
8vo, 3s. 6d. 

A History of Christianity, from 

the Birth of Christ to the Abolition of 
Paganism in the Roman Empire. By 
Dean Milman. 3 vols, post 8vo^ z8s. 

History of the Jews, from the 

earliest period, continued to Modem 
Times. By Dean Milman. 3 vols, post 
8vo, 18s. 

A Smaller Scripture History of 

the Old and New Testamentt. Edited bv 
Dr. W. Smith. Woodcuts. x6mo, 3s. 6a 

The Jesuits : their Constitu- 
tion and Teaching ; an Historical Sketch. 
By W. C Cartwricht. 8vo, 9s. 

Rome and the Newest Fashions 

in Religion. By the Right Hon. W. E. 
Gladstone. Containing The Vatiom 
Decrees — Vaticanism — Speeches of Pius 
IX. 8vo, 7s. 6d. 

Eight Months at Rome, during 

the Vatican Council, with a Daily Ac- 
count of the Proceedings. By Pomponio 

LeTO. 8vO. Z3S. 

Worship in the Church of 

England. By A- J. B. Beresford- 
HopE. 8vo, 9s. ; or^ Popular Editiam^ 
8vo, 3S. 6d. 



SCIENCE NATURAL HISTORY, GEOLOGY, ETC. 



Solenoe. 



Connexion of the Physical 

Sciences. By Mary Somervillb. New 
Edition. Revi.sed by A. B. Bucklev. 
Plates. Post 8vo, as. 

Molecular and Microscopic 

Science. By Mary Somerville. Illus- 
trations, a vols, post 8vo. ais. 

Six Months in Ascension ; 

an Unscientific Account of a Scientific 
Expedition. By Mrs. Gill. Map. 
Crown 8vo, gs. 

The Admiralty Manual of 

Scientific Inquirv, prepared for the use 
of Officers, ana Tlravellers in General. 
Map. Post 8vo, 3s. 6d. 

Reports of the British Associa- 

TioN for the Advancement of Science, 
from 1831 to the present time. 8vo. 

Philosophy in Sport made 

Science in Earnest ; or, the First Principles 
of Natural Philosophy explained by aid 
of the Toys and Sports of Youth. Bv 
Dr. Paris. Woodcuts. Post 8vo, 7s. 6d. 



Metallurgy; The Art of Ex- 
tracting Metals from their Ores. By 
John Percy, F.R.S. With Illustrations. 
8vo. 

Fuel, Wood, Peat, Coal, &c. 30s. 
Lead, and Part of Silver. 306. 
Silver and Gold, 30s. 

The Manufacture of Russian 

Sheet-iron. By John Percy, 8vo, as. 6d. 

A Manual of Naval Architec- 
ture for the Use of Officers of the 
Royal Navy, Mercantile Marine, Yachts- 
men, Shipbuilders, and others. By W. 
H. White. Illustrations. 8vo, 34s. 

Ironclad Ships; their Qualities, 

Performances, and Cost, with Chapters 
on Turret Ships, Rams, &c By Sir E. 
J. Reed, CB. Illustrations. 8vo, xas. 

Natural Philosophy ; an Intro- 
duction to the studv of Statics, Dynamics, 
Hydrostatics, Light, Heat, and Sound : 
with numerous £zamples. By Samuel 
Newth. Small 8vo, 3s. 6d. 
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The Freedom of Science in the 

Modern Sute. By Rudolf Vikchow. 
Fcp. 8vo, as. 

Mathematical Examples. A 

Graduated Series of Elementary Exam- 
^es in Arithmetic, Algebra, Logarithms, 
Trigonometry, and Mechanics. By 
Samuel Nswth. Small 8vo, 8s. 6d. 



Elements of Mechanics, includ- 
ing Hydrostatics, with numerous Ex- 
amples. By Samubl Newth. Small 
8vo, 8s. 6d. 

Patterns for Turning; to be 

cut on the Lathe ndthcut the use of any 
Ornamental Chuck. By W. H. Elphin- 
STOMB. Illustrations. Small 410, 15s. 
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Siberia in Europe. A Natural- 
ist's Visit to the Valley of the Petchora 
in North-East Russia. With Notices of 
Birds and their Migrations. By Henry 
Sbebohm. Mapandlllttstrations. Crown 
8to, X4S. 

Life of a Scotch Naturalist 

(Thomas EdwardX By S. Smiles. 
Illustrations. Crown 8vo, zos. 6d. 

The Cat; an Introduction to 

the Study of Backboned Animals, espe- 
cially Mammals. By St. George Miv- 
ART. With 300 Illustrations. 8vo, 308.^ 

Lessons from Nature ; as mani- 
fested in Mind and Matter. By St. 
George Mivart, F.R.S. 8vo, x6s. 

The Origin of Species, by 

Means of Natural Selection ; or the 
Preservation of Favoured Races in the 
Struggle foe L^<^ By Charles Darwin. 
Post 8vo, 7s. 6d. 

Voyage of a Naturalist ; a 

Journal of Researches into the Natural 
History and Geology of the Countries 
visited during a Voyage round the 
World. Bv Charles Darwin. Illus- 
trations. Post 8vo, 98. 

Variation of Animals and Plants 

UNDER Domestication. By C Das- 
win. Illustrations, a vols. cr. 8vo, 18s. 

The Various Contrivances by 

which Orchids are Fertilised bv 
Insbcts. By Charles Darwin. Wood- 
cuts. Post 8vo, 9ft 

The Eflfects of Cross and Self 

Fertilisation in the Vegetable Kingdom. 
By Charles Darwin. Crown 8vo, xas. 

Expression of the Emotions 

in Bian and Animals. By Charles 
Darwin. Illustrations. Crown 8vo, xas. 

Descent of Man and Selection 

in Relation to Sex. By Charles 
Darwin. Illustrations. Crown 8vo, 9s. 

Insectivorous Plants. By 

Charles Darwin. Post 8vo, X4S. 



The Movements and Habits 

of Climbing Plants. By Chas. Darwin. 
Post 8vo, 6s. 

The Different Forms of Flowers 

on Plants of the same Species. By 
Charles Darwin. Woodcuts. Crown 
8vo, xos. 6d. 

The Power of Movement in 

Plants. By Charles Darwin, assisted 
bpr Francis Darwin. Woodcuts. 
Crown 8vo, xss. 

The Formation of Vegetable 

Mould through the Action of Worms. 
With Observations on their Habits. By 
Charles Darwin. Woodcuts. Post 
8vo, 9s. 

Facts and Arguments for Dar- 
win. By Frit2 Muller. Illustrations. 
Post 8vo, 5S, 

Geographical Handbook of all 

the known Ferns, with Tables to show 
their Distribution. By K. M. Lvell. 
Post 8vo, 7s. 6d. 

The Gardens of the Sun ; or, a 

Naturalist's Journal on the Mountains 
and in the Forests and Swamps of Bor- 
neo and the Sulu Archipelago. By 
F. W. BuRBiDGE. With Illustrations. 
Crown 8vo, 14s. 

Harvest of the Sea. An Ac- 
count of the British Food Fishes. With 
Sketches of Fisheries and Fisher-Folk. 
By James G. Bertram. Illustrations. 
Post 8vo, 9s. 

Household Surgery ; or, Hints 

for Emergencies. By John F. South. 
With new Preface and Additions. Wood- 
cuts. Fcap. 8vo, 3s. 6d. 

Kirkes' Handbook of Physio- 
logy. By W. MoRRANT Baker. 
420 Woodcuts. Post 8vo, Z4S. 

Gleanings in Natural History. 

By Edward Jesse. Woodcuts. Fcap. 
3s. 6d. 
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Student's Elements of Geo- 
logy. By Sir Charlbs Lybll. Wood- 
cuts. Post 8vo, 9S. 

Principles of Geology ; or, the 

Modem Changes of the Earth and its 
Inhabitants, as Illustrative of Geology. 
By Sir Charlbs Lybll. Woodcuts, 
a vols. 8vo, 32s. 

Physical Geography. By Mary 

SoMBRViLLB. New Edition, Revised by 
Rev. J. Richardson. Portrait. Post 
8vo, 9S. 

Physical Geography of the 

Holy Land. 
Post Svo, xos. 



Holy^Land Bv Edward Robinson, 



Siluria ; a History of the Oldest 

FossiLiFBROus RocKS and their Founda- 



tions ; with a Brief Sketch of the Dis- 
tribution of Gold over the Earth. By 
Sir RoDBRicK MuRCHisoN. lUustra- 
tions. a vols. 8vo, xSs. 



Records of the Rocks; or, 

Notes on the Geology, Natural History, 
and Antiquities oi North and South 
Wales. Devon. && By Rev. W. S. 
Syuonds. Illustrations. Crown 8to, 
xas. 



Life of a Scotch Geologist and 

Botanist (RobbrtDickX ByS.SMXLBS. 
Illustrations. Crown 8vo, xas. 

Scepticism in Geology, and the 

Reasons for it An assemblage of Facts 
from Nature opposed to the Tlieory of 
" Causes now in Action," and refuting it. 
By Vbrifibr. Post 8vo, 6s. 



FINE ARTS, ARCHITECTURE, & ANTIQUITIES. 



The National Memorial to the 

pRiNCB Consort at Kbnsington. A 
Descriptive and Illustrated Account, con- 
sisting of Coloured Views and Engrav- 
ings of the Monument and its Decora- 
tions, its Groups, Statues, Mosaics, 
Architecture, and Metalwork. With 
descriptive text by Doynb C Bblu 
Folio, ;^xa : xas. 

A Handbook to the Albert 

Memorial Fcap. 8vo, xs. ; or with Il- 
lustrations, as. 6(1. 

Mediaeval and Modem Pottery 

and Porcelain. By Joseph Marryat. 
Illustrations. Medium 8vo, 43s. 

Old English Plate : Ecclesias- 
tical, Decorative, and Domestic; its 
Makers and Marks. With Illustrations 
and Improved Tables of the Date Letters 
used in England, Scotland, and Ireland. 
By Wilfred J. Cripps. 70s. Illus- 
trations. Medium 8vo, xfis. 

Old French Plate : Furnishing 

Tables of the Paris Date Letters, and 
Facsimiles of other marks. By W. J. 
Cripps. With Illustrations. 8vo, 
8s. 6d. 



C3rprus; its Ancient Cities, 

Tombs, and Temples. A Narrative of 
Researches and Excavations during Ten 
Years' Residence in tluu Island. By 
Louis P. di Cbsnola. 400 lUnstra- 
tions. Medium 8vo, 50s. 

A History of Greek Sculpture, 

from the Earliest Times down to the aee 
of Pheidias. By A S. Murray. With 
Illustrations. Royal 8vo, sxs. 

Ancient Mycenae; Discoveries 

and Researches on the Sites of Mycense 
and Tiryns. By Dr. Schlibmann. 
With Pre&ce by the Right Hon. W. E. 
G1.ADSTONB. 500 Illustrations. Medium 
8vo, 50s. 

Ilios; a Complete History of 

the City and Country of the Trojans, 
including all Recent Discoveries and 
Researches made on the Site of Troyand 
the Troad in iSjr-s and 1878-9. with 
an Autobiography of the Author. By 
Dr. Schlibmann. With nearly sooo 
Illustrations. Imperial Svo, 50a. 

Nile Gleanings : the Ethno- 
logy, History. and*Axt of Ancient Egypt, 
as Revealed by Paintings and Bas-Re- 
liefs. With Descriptions of Nubia and 
its Great Rock Temples to the Second 
Cataract. * By Vilubrs Stuart. . With 
50 Coloured Plates. Royal 8vo, 3x8. 6d. 
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The Cities and Cemeteries of 

Etruria. By Gborgb Dbnnis. aoo 
lUustratioDS. a vols, medium 8vo, 4S8. 

History of Painting in North 

Italy, X4th to z6th Century. Venice, 
Padua, Vicenza, Verona, Ferrara, Milan, 
Friuli, Breschia. By Crowb and Ca- 
VALCASELLB. IQustrations. a vols. 
8vo, 42s. 

Titian : his Life and Times. 

By Crowb and Cavalcaselzjl Illus- 
trations, a Tols. 8vo, SIS. 

Handbook to the Italian 

Schools of Painting ; Based on the work 
ofKugler. Revised by Lady Eastlakb. 
X40 Illustrations, a vols, crown 8vo, 30s. 

Handbook to the German, 

Dutch, and Flemish Schools of Painting. 
Based on the work of Kugler. Revised 
by J. A. Crowb. - 60 Illustrations, a 
vols, post 8vo, a4S. 

Lives of the Italian Painters ; 

and the Prosress of Painting in Italy. 
Cimaboe to Bassano. By Mxs. Jambson. 
Illustrations. Post 8vo, xas. 

Lives of the Early Flemish 

Painters, with Notices of their Works. 
By Crowb and Cavalcasbllb. Illus- 
trations. Post 8vo, 78. 6d. ; or laxge 
paper, 8vo, X5S. 

Albert Diirer ; a History of his 

Life and Works. By M0R12 Thausing, 
Vienna. Edited by F. A- Eaton, Sec- 
retary <A the Royal Academy. With 
Portrait and Illustrations, a vols. Med. 
8vo, 4as. 

The Cicerone; or, Art Guide 

to Painting in Italy. By Dr. Burck- 

HARDT. Post 8V0, 68. 

History of Architecture in all 

Countries, from the Earliest Times to 
the Present Day. By Jambs Fbrgus- 
SON. With x6oo Illustrations. 4 volsw 
Medium 8vo. 
I. ft II. Ancient and Mediaeval, 63s. 

III. Indian and Eastern, 43s. 

IV. Modem, 31s. 6d. 

Rude Stone Monuments in all 

Countries: their Age and Uses. 
By Jambs Fbrgusson. Illustrations. 
Medium 8vo, 345. 

The Temples of the Jews and 

other Buildinn in the Haram Area at 
Jerusalem. By Jambs Fbrgusson. 
Illustrations. 4to, 43s. 

Leaves from My Sketch-Book, 

By E. W. CooKB, R.A. 50 Plates. 
With Descriptive Text a vols. Small 
folio, 31S. 6d. each, ist Series. Paris, 
Aries, Monaco, Nuremberg, Switzer- 
landj Rome, Egjrpt, etc. ad Sbribs, 
Venice, Naples, Pompeii, Poestum, the 
Nile, etc. 



The Holy Sepulchre and the 

Temple at Jerusalem. ByjAS. Fbrgus- 
son. Woodcuts. 8vo, 7& 6d. 

Life of Michel Angelo, 

Sculptor. Painter, and Architect, includ- 
ing unedited Documents in the Buonar- 
roti Archives, by Charles Heath Wil- 
son. With Index and Illustrations. 8vo, 

A Descriptive Catalogue of the 

Etched Woxk of Rembrandt ; with Life 
and Introductions. By Chas. H. Mid- 
DLBTON. Plates. Medium 8vo, 31s. 6d. 

The Rise and Development of 

Mediaeval Architecture. By Sir G. 
Gilbert Scott. 450 IllustratioBS. a 
vols. Medium 8vo, 4as. 

Secular and Domestic Archi- 
tecture. By Sir G. Scott, R.A. Bvo^ 

The Gothic Architecture of 

Italy. By G. £. Street, R.A. Il- 
lustrations. Royal 8vo, a68. 

The Gothic Architecture of 

Spain. By G. E. Street, R.A- Illus- 
trations. Royal 8vo, 30s. 

The Rise of Styles in Archi- 
tecture. Bv G. E. Street, R.A. Illus- 
trations. 8vo. 

Notes on the Churches of Kent 

By Sir Stephen Glynnb. With a Pre- 
face by W. H. Gladstone. Illustra- 
tions. 8vo, xas. 

Handbooks to English Cathe- 
drals. See^. 14. 

Purity in Musical Art. By 

A. F. J. Thibaut. With Memoir by 
W. H. Gladstone. Post 8vo, 7s. 6d. 

Handbook for Young Painters. 

By C. R. Lbsub. Illustrations. Post 
8vo, 7s. 6d. 

Life and Times of Sir Joshua 

Revnolds, with notices of his Contempo- 
raries. J3y C. R. Leslie and Tom 
Taylor. Portraits, a vols. 8vo, 4as. 

Lectures on Architecture. De- 
livered before the Royal Academy. By 
Edward M. Barry, R.A. Edited with 
Memoir by Canon Barry. Portrait and 
Illustrations. 8vo, z6s. 

Contributions to the Literature 

OF THB Fine Arts. By Sir C Lock 
Eastlakb, R.A. With a Memoir by 
Lady Eastlakb. a vols. 8vo, 24s. 



20 



Mr. Murray s List of Works 



School Architecture. Practical 

Information on the Planning, Designing, 
Building, and Furnishing of School- 
houses, etc. By E. R. RoBSOM. Illus- 
trations. Medium 8vo, z8s. 

The Choice of a Dwelling ; a 

Practical Handbook of useful information 
on all points connected with a House. 
Plans. Post 8vo, 7s. 6d. 



Life of Sir Charles Barry, RA, 

Architect. By Canon Baxky. IUus- 
trations. Medium 8vo, Z5S. 

London — Past and Present: 

alphabetically arranged. By Pktes 
Cunningham. A new and revised edi- 
tion. 3 vols. 8vo. (/« ike Prtit. 



PHILOSOPHY, LAW, AND POLITICS. 



The Eastern Question. By 

Viscount Stratford db Redcliffb, 
Being a Selection from his Recent 
Writings. With a Preface by Dean 
Stanley. Post 8vo, gs. 

Letters on the Politics of 

Switzerland, pending the outbreak of 
the Civil War in 1847. By George 
Grotb. 8vo, 6s. 

Constitutional Progress. A 

Series of Lectures. By Montague 
Burrows. Post 8vo, 5s. 

Constitution and Practice of 

Courts-MartiaL By Capt Simmons. 
8vo, X5S. 

Administration of Justice under 

Military and Martial Law, as appli- 
cable to the Army, Navy, Marine, and 
Auxiliary Forces. By C M. Clode. 
8vo, xas. 

Student's Blackstone. A Sys- 
tematic Abridgment of the entire Com- 
mentaries. By R. Malcolm Kerr. 
Post 8vo, 7s. 6d. 

Communistic Societies of the 

United States. With Accounts of the 
Shakers and other Societies : their 
Creeds, Social Practices, Industries, etc 
By C. Nordhofp. Illustrations. 8vo, zss. 

The English Constitution ; its 

Rise, Growth, and Present State. By 
David Rowland. Post 8vo, los. 6d. 

Laws of Nature the Foundation 

of Morals. By David Rowland. Post 
8vo, 6s. 

A Handbook to the Political 

Questions of the day, with the Argu- 
ments on Either Side. By Sydney C 
Buxton. 8vo, 6s. 

A Manual of Moral Philo- 
sophy. With Quotations and Refer- 
ences. Bv William Fleming. Post 
8vo, 7s. 6a. 



Gleanings of Past Years, 1843- 

78. By the Rif ht Hon. W. E. Glad- 
stone, M.P. Small 8vo, as. 6d. each. 
I. The Throne, Prince Consort, Cabinet, 
and Constitution. II. Personal and 
Literary. III. Historical and Specula- 
tive. IV. Foreiep. V. and VI. Ecclesi- 
astical. VII. Miscellaneous. 

Speeches and Addresses, Poli- 
tical and Literary. Delivered in the 
House of Lords, in Canada, and else- 
where. By the Right Hon. the Eakl op 
DUFFBRIN. 8vo. 

Philosophy of the Moral Feel- 

INGS. By John Abercrombie. Fcap. 
8vo, as. 6d. 

The Intellectual Powers, and 

the Investigation of Truth. By John 
Abercrombie. Fcap. 8vo, 3s. 6d. 

Hortensius ; an Historical 

Essay on the Office and Duties of an 
Advocate. By William Forsyth. Illus- 
trations. 8vo, 7s. 6d. 

Lectures on General Jurispru- 
dence; or, the Philosophy of Positive 
Law. By John Austin. Edited by 
Robert Campbelu a vols. 8yo» 3as. 

Student's Edition of Austin's 

Lectures on Jurisprudence. Compiled 
from the lareer work. By Robert 
Campbell. Post 8vo, iss. 

An Analysis of Austin's Juris- 
prudence for the Use of Students. By 
Gordon Campbell, M.A. Post 8vo» 
6s. 

England and Russia in the East 

A Series of Papers on the Political and 
Geographical Condition of Central Asia. 
By Sir H. Rawlinson. Map. 8vo, 

Z2S. 

Ancient Law : its Connection 

with the Eariy History of Society, and 
its Relation to Modem Ideas. By Sir 
Henry S. Maine. 8vo, xas. 
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Village Communities in the 

East and West. By Sir Hbnry S. 
Mains. 8vo, xas. 

The Early History of Institu- 
tions. By Sir Henry Maine. 8vo, zas. 

Local Taxation of Great Britain 

and Ireland. By R. H. I. Palcravb. 
8vo, ss. 

Plato and other Companions 

of Socrates. By George Grote. 3 
vols. 8vo, 45s. 

Artistotle. By George Grote. 

Second Edition. With Additions. 8vo, 
x8s. 

Minor Works of George Grote. 

With Critical Remarks on his Intellect- 
ual Character, Writings, and Speeches. 
By Alex. Bain. Portrait 8vo, Z4S. 

The Bengal Famine. How it 

will be Met, and how to Prevent Future 
Famines. By Sir Bartlb Frerb. Maps. 
Crown 8vo, 5s. 

India in 1880. By Sir R. 

Temple. 8vo, x6s. 

Men and Events of my Time 

in India. By Sir Richard Temple, 
Bart. 8vo. 

Results of Indian Missions. 

BySirBARTLEFRERE. Small 8vO| as. 6d. 

Eastern Africa viewed as * a 

Field for Mission' Labour. By Sir 
Bartle Frere. Crown 8vo, 5s. 

The Lex Salica; The Ten 

Texts, With the Glosses and the Lex 
Emendata. Synoptically EUlited by J. 
H. Hbssels. With Notes on the 
Prankish Words in the Lex Salica by 
Professor Kern. 4to, ^n. 



Researches into the Early 

History of Mankind, and the Develop- 
ment of Civilisation. By E. B. Tylor. 

8vO, I2S. 

Primitive Culture : Researches 

into the Development of Mythology, 
Philosophy, Religion, Art, and Custom. 
By E. B. IVlor. a vols. 8vo, 94s. 

Ricardo's Political Works. 

With a Biographical Sketch. By J. R. 

M'CULLOCH. 8V0, X68. 

The Moral Philosophy of Aris- 
totle. Consisting of a Translation of the 
Nicomachean Ethics, and of the Para- 

Shrase attributed to Androntcus of 
Rhodes; with Introductory Analysis of 
each Book. By the Uite Walter M. 
Hatch, M.A. 8vo, z8s. 

History of British Commerce, 

and of -the Economic Progress of the 
Nation, 1763-1878. By Leone Levi. 
8vo, z8s. 

Ideas of the Day on Policy. 

By Charles Buxton. 8vo, 6s. 

Judgments of the Privy Council, 

with an Historical Account of the Appel- 
late Jurisdiction in the Church of £Uig- 
land. By G. C. Brodrick and W. H. 
Fremantle. 8vo, Z08. 6d. 

A Little Light on the Cretan 

Question. By A. F. Yule. Post 8vo, 
3s. 6d. 

History of the English Poor 

Laws. BySirG. Nicholls. avols. 8va 

Consolation in Travel ; or, the 

Bv Sir 



Last Days of a Philosopher. 
Humphry T '" ' " 

8vo, 38. 6d. 



Humphry Davy. Woodcuts. Fcap. 



GENERAL LITERATURE AND PHILOLOGY. 



The Quarterly Review. 8vo, 6s. 
Prince Albert's Speeches and 

Addresses on Public Occasions ; with an 
outline of his Character. Portrait. Fcap. 
8vo, IS. 

The Modem Ducange. A New 

Mediaeval Latin-English Dictionary, oc- 
cupying the ground of ^ Ducange, but 
Edited in accordance with the Modem 
Sdence of Philology. By E. A. Day- 
man, B.D., Prebendary of Sarum, for- 
merly Fellow and Tutor of Exeter College, 
Oxford, and J. H. Hbssels. Small 4to. 



The Talmud and other Literary 

Remains of Emanuel Dbutsch. With 
a Memoir. 8vo, las. 

Letters, Lectures, and Reviews, 

including the Phrontisterion, or Oxford 
in the 19th Centtury. By Dean Mansbl. 
8vo, zas. 

The Novels and Novelists of 

the i8th Century ; in Illustration of the 
Manners and Morals of the Age. By 
Wm. Forsyth. Post 8vo, xos. 6d. 



22 



Mr. Murray's List of Works 



Principles of Greek Etymology. 

By Professor Curtiu& Translated 
b^ A. S. WiLKiNS, M.A., and E. B. 
England, M.A. a vols. 8vo» xss. each. 

The Greek Verb. Its Struc- 
ture and Development. By Professor 
CuRTi us. Translated by A. S. Wilkins 
and £. B. England. 8vo, z8s. 

Miscellanies. By Earl Stan- 

HOPB. a vols, post 8vo, 138. 

Historical Essays. By Earl 

Stanhopb. Post 8vo, 38. 6d. 

French Retreat from Moscow, 

and other Essays. By the late Earl 
Stanhopb. Post 8vo, 7s. 6d. 

The Papers of a Critic Se- 
lected from the Writings of the late 
C. W. DiLiCB. a vols. 8vo, a4S. 

Gleanings of Past Years. I. 

.The Throne, Prince Consort, Cabinet, 
and Constitution. II. Personal and 
Literary. III. Historical and Specula- 
tive. IV. Foreign. V. and VI. Ec- 
clesiastical. VII. Miscellaneous. By 
the Right Hon. W. E. Gladstone, 
M.P. Small 8vo. as. 6d. each. 

Lavengro : the Scholar — the 

Gipsy— and the Priest By Georgb 
BoKBOW. Post 8vo, 5S. 

The Romany Rye : a Sequel 

to 'Lavengro.' By Gbokge Borbow. 
Post 8vo, 5s. 

Wild Wales : its People, Lan- 
guage, and Scenery. By Gborcb Bor- 
row. Post Svo, 5s. 

Romano Lavo-Lil ; Word-Book 

of the Romany, or English Gypsy Lan- 
guage : with an Account of certain 
Gypsyries. By Gborcb Borrow. Post 
8vo, 108. 6d. 

Field Paths and Green Lanes : 

Cotintry Walks, chiefly in Surrey and 
Sussex. By L. J. Jbnnings. Wood- 
cuts. Post 8vo, xos. 6d. 

Rambles among the Hills ; or 

Walks in the Peak of Derbyshire and in 
the South Downs. By L. J. Jbnnings. 
Illustrations. Post Svo, xas. 

Old Deccan Days : Hindoo 

Fairy Legends current in Southern 
India. Collected by Mary Frbrb. With 
Introduction by Sir Bartlb Frerb. 
Illustrations. Post Svo, 7s. 6d. 

Livonian Tales. By a Ladv. 

Post Svo, as. 

The Amber-Witch : a Trial for 

Witchcraft. Translated by Lady Duff 
Gordon. Post Svo, as. 

The Handwriting of Junius. 

Professionally investigated by C. Chabot. 
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Courage, Patience, and Endurance. By 
Dr. S. Smilbs. Post Svo, 6s. 
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Plates. 4to, azs. 
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C.B. 8vo, xas. each. 

Poetical Works of Bishop 

Heber. Portrait. Fcap. 8vo, 3s. 6d. 

Hymns adapted to the Church 

Service. By Bishop Heber. x6mo, xs. 6d. 
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Ancient Spanish Ballads. 

Historical and Romantic. Translated 
by J. G. Lockhart. Woodcuts. Crown 
8V9, S«. 
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to the Trial of Civil Offences. By Cape 
T. F. Simmons, R.A. Svo, 158. 
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A Smaller Ancient History of 

the East, from the Earliest Times to the 
Conquest of Alexander the GieaL 
With 70 Woodcuts. z6mo, 3s. 6d. 
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A Smaller Manual of Andent 
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7s. 6d. 
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Appendix to Initia Graeca, 

Part I.— Additional Exercises, with Ex- 
amination Papers and Easy Readizu^ 
Lessons, with the Sentences analysed, 
serving as an Introduction to Part II. 
zamo, as. 6d. 

Initia Graeca, Part II. A 

Greek Reading Book, containing Shwt 
Tales, Anecdotes, Fables, Myology, 
and Grecian History. Arranged in a 
systematic progression, with Lexiooa. 
zamo, 3s. 6d. 

Initia Graeca. Part III. Greek 

Prose Composition : containing a Syste- 
matic Course of Exercises on the Syn- 
tax, with the Principal Rules of Syntax, 
and an English -&eek Vocabulary to 
the Exercises, zamo, 3s. 6d. 

The Student's Greek Grammar. 

By Professor Curtius. Post 8vo, 6s. 

A Smaller Greek Grammar. 

Abridged from the above, zamo, 3s. 6d. 

Greek Accidence. Extracted 

from the above work, zamo, as. 6d. 

Elucidations of Curtius's Greek 

Grammar. Translated by Evblyn 
Abbott. Post 8vo, 7s. 6d. 

Plato. The Apology of So- 
crates, the Crito, and Part oif the Phaedo : 
with Notes in English from Stallbaum, and 
Schleiermacher's Introductions, xamo, 
38. 6d. 



School and Prize Books. 
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FRENCH, GERMAN, AND ITALIAN COURSE. 
French Prindpia, Part I. A German Principia, Part I 

First French Course, conUinbg Gram- ''-— ' " '^ 

IT, Delectus, and Exercises, with Vo- 



cabularies and materials for French 
Conversation, xamo, 38. 6d. 

Appendix to French Principia, 

^irt I. Beiiur Additional Exercises and 
Examination Papers, zamo, 2s. (id. 

French Principia, Part II. 

A Reading Book, with Notes, and a 
Dictionary, zamo, 4s. 6d. 

Student's French Grammar : 

Practical and Historical. Bv C. Hbron- 
Wall. With Introduction by M. Littz€. 
Post 8vo, 7S. 6d. 

A Smaller Grammar of the 

French Language. Abridged from the 
above, zamo, 3s. 6d. 



First German Course, containing Gram- 
mar, Delectus, Exercises, and vocabu- 
lary, xamo, 3S. 6d. 

German Principia. Part II. A 

Reading Book, with Notes and a Dic- 
tionary, zamo, 3S. 6d. 

Practical German Grammar. 

With an Hbtorical development of the 
Language. Post 8vo, 3s. 6d. 

The Italian Principia, Part L 

A First Course, containing a Grammar, 
Delectus, Exercise Book, with Vocabu- 
laries, and Materials for Italian Conver- 
sation. By Signor RiccL zamo, 3s. 6d. 

Italian Principia, Part II. A 

Readinff-Book, containing Fables, Anec- 
dotes, Histoiv, and Passages from the 
best Italian Authors, with Grammatical 
Questions, Notes, and a Copious Ety- 
mological Dictionary, zamo, 3s. 6d. 



SCHOOL AND PRIZE BOOKS. 



A Child's Furst Latin Book, 

comprising a full Praxis of Nouns, Ad- 
jectives, and Pronouns, with Active 
Verbs. By T. D. Hall. z6mo, as. 

Kmg Edward VI.'s Latin Ac- 
cidence, zsmo, 2S. 6d. 

King Edward VTs Latin Gram- 
mar, zamo, 3S. 6d. 

Oxenham's English Notes for 

Latin Elegiacs. Designed for early pro- 
ficients in the art of 'I^uin Versification, 
zamo, 3s. 6d. ^ 

Hutton's Principia Graeca : an 

Introduction to the study of Greek, com- 
nrehending Grammar, Delectus, and 
£xercise Book, with Vocabularies, zamo, 
3S.6d. 

Buttmann's Lexilogus; a Criti- 
cal Examination of the Meaning and Ety- 
mology of Passages in Greek Writers. 
8vo, I as. 

Matthias's Greek Grammar. 

Revised by Crooks. Post 8vo, 4s. 

Horace. With loo Vignettes. 

Post 8vo, 7s. 6d. 

Practical Hebrew Grammar; 

with an Appendix, containing the Heb- 
rew Text of Genesis I, VI. and Psalms 
I. VI. Grammatical Analysis and Voca- 
bulary. By Rev. Stanley Leathes. 
Post Bvo, 7s. 6d. 

First Book of Natural Philo- 
sophy : an Introduction to the Study of 
Statics, Dynamics, Hydrostatics, Light, 

1 Heat, and Sound. By ProC Newth. 
Sm. Bvo, 3s. 6d. 



Elements of Mechanics, includ- 
ing Hydrostatics. By ProC Newth. 
Sm. 8vo, 8s. 6d. 

Mathematical Examples. A 

Graduated Series of Elementary Exam- 

?les in Arithmetic, Algebra, Logarithms, 
'rigonometry, and Mecbcwics. By Pro- 
fessor Newth. Small 8vo, Ss. 6d. 

Progressive Geography. By 

J. W. Crokek. i8mo, xs. 6d. 

^sop's Fables, chiefly from 

Original Sources, by Rev. Thos. Tames. 
With 100 Woodcuts. Post 8vo, as. 6d. 

Gleanings in Natural History. 

By Edward Jesse. Fcap. 8vo, 3s. 6d. 

Philosophy in Sport made 

Science in Earnest; or Natural Philo- 
sophy inculcated by the Toys and Sports 
of Youth. By Dr. Paris. Woodcuts. 
Fcap. 8vo, 7s. 6d. 

Puss in Boots. ByOxroSPECK- 

TER. Illustrations. z6mo, xs. 6d. 

The Charmed Roe. By Otto 

Speckter. Illustrations. z6mo, 5s. 

Hymns in Prose for Children. 

by Mrs. Barbauld. Illustrations. 
Fcap. 8vo, 3s. 6d. 

A Boy's Voyage Round the 

World. By Samuel Smiles. Illustra- 
tions. Small 8vo, 6s. 
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Mr. Murray s^ List of Works, 



The Home & Colonial Library. 



I 



Class A— BIOGRAPHY. HISTORY, &c. 
I. Drinkwatbr's Gibraltar. 2s. 
3. The Amber Witch. 2s. 

3. Southey's Cromwell and Ban- 

yan. 3S. 

4. Barrow's Sir Francis Drake. 2s. 

5 . British Army at Washington. 2S. 
French in AJgiers. 2s. 
Fall of the Jesuits. 2s. 
Livonian Tales. 2s. 

9. Cond^. By Lord Mahon. 38. 6d. 

10. Sale's Brigade in Affghanistan. 2s. 

1 1. Sieges of Vienna. 2s. 

12. Milman's Wayside Cross. 2s. 

13. Liberation War in Germany. 3s. 6d. 

14. Gleig's Battle of Waterloo. 3s. 6d. 

15. Steffens' Adventures. 2s. 

16. Campbell's British Poets. 3s. 6d. 

17. Essays. By Lord Mahon. 3s. 6d. 
i& Gleig's Life of Lord Ciive. 3s. 6d. 
19. Stokers and Pokers. By Sir 

Francis Hbad. as. 

2a Gleig's Life of Munxo. 3s. 6d 



Class B-VOYAGES and TRAVEI. 



I. 
2. 
3- 

i; 
I 

9. 
10. 
II. 
12, 
14. 

\l 

19- 
2a 
21. 
22. 
23- 
24. 
25. 



BORROW's Bible in Spain. 33. 6d. 
BoRROw's Gipsies of SpaiiL 3s. 6d. 
4. Heber's Indian Jouinals. 7s, 
Holy Land. Irby & Mangles. 2s. 
Hay's Western Barbary. 2s. 

Letters from the Baltic 2s. 

Meredith's New S. Wales. 2s. 
Lewis' West Indies. 2s. 

Malcolm's Persia. 3s. 6d. 

Father Ripa at Pekin. 2s. 

13. Melville's Marquesas 7s. 
Abbot's Missionary in Canada. 2aL 
Letters from Madias. 2s. 

St. John's Highland Sports. 3s. 6d. 
The Pampas. Sir F. Head. 2s. 
Ford's Spanish Gatherings. 3s. 6d. 
Edwards' River Amazon. 2s. 
Acland's India. 2s. 

Ruxton's RockyMountains. 3s6d 
Carnarvon's PortugaL 3s. 6d. 
Haygarth's Bush Life. 2s. 

St. John's Libyan Deseit 2& 
Letters from Siena Leone. 3s. 6d 



DB. Vn/L SMITH'S AITCIKNT ATIiAS. 

AN ATLAS OF ANCIENT GEOGRAPHY, Bibucal and Classical. 
Intended to illustrate the 'Dictionary of the Bible,' and the 'Dictionaries 
of Classical Antiquity.' Compiled under the superintendence of WM. 
SMITH, D.C.L., and GEORGE GROVE, LL.D. FoUo, half-bound, 
;f6:6s. 

ai. Greece during the Persian Wars. 

aa. Gr eece during the Peloponnesian War. 

83. Greece duriqg the Achaean League. 

34. Northern Greece. 

a$. Central Greece — ^Athens. 

a6. Pdoponnesua.— With Plan of Sparta. 

37. Shores and Islands of the .£gean Sea. 

aS. Historical Maps of Asia Minor. 

89. Asia Minor. 

aa Arabia. 

31. India. 

33. Northern Part of Afinca. 

33. iE^sypt and ifithiopia. 

34. Historical Maps of the Holy Land. 

35. 361 The Holy Land. North and Soudi. 

37. Jerusalem, Ancient and Modem. 

38. Environs of Jerusalem. 

39. SinaL 

40. Asia, to illustrate the Old Testament. 

41. Map, to illustrate the New Testament. 
4a, 43. Plans of Babylon, Nineveh, Trvy, 

Alexandria, and Byandum. 



X. Geographical Systems of the Andents. 
a. The World as laiown to the Andents. 

3. Empires of the Babylonians, Lydians, 

Medes, and Persians. 

4. Empire of Alexander the Great 

5. 6. Kingdoms of the Successors of Alex- 

ander the Great. 

7. The Roman Empire in its greatest extent 

8. The Roman Empire after its division 

into the Eastern and Western Empires. 

9. Greek and Phosnician Colonies, 
za Britannia. 

zi. Himania. 

za. GalUa. 

Z3. Germania, Rhaeda, Noricum. 

Z4. Pseonia, Thrada, Mcesia, Illyria, Dacia. 

Z5. Italy, Sardinia, and Corsica. 

zfii Italia Superior. 

Z7. Italia Interior. 

x8. Plan of Rome. 

19. Environs of Rome. 

aa Greece after the Doric MigndoD. 



Index, 



31 



INDEX. 



Abbrcrombib^s Woiks - 90 

Acland's India - - 8 

Admiralty Manual - x6 

iGfiop*^ Fables - - 22 

Aericiiltural Jounud - 25 

AlDert (The) Memorial - 18 

— Speeches - - 21 
Army Lists - - - 24 
Austm's Jurisprudence - ao 

Barbauli/s Hymns - 29 

Barclay's Talmud - - 14 

BarkleVs Turkey - - xo 

My Boyhood - - 25 

Barrowrs Autobiography 7 

Barry's (Sir C.) Life - 7, 20 
^~— (Canon), witness for 

Chnst- - - - 15 

-^— rE.) Architecture - 29 

Bate^ River Amazon - zx 

Bax's Eastern Seas - 8 
Beckett's (Sir £.) Revised 

N. T. - - - - 15 

Bees and Flowers - - 25 

Bell's (Sir Charles) Letters 6 

Bell's Tower of London 5 
Bertram's Harvest of the 

Sea - - - - 17 

Bible (^mmentary - 2 

Bigg Wither's Brazil - 11 

Bird's Sandwich Islands zo 

——Japan - - - 9 

— Rocky Mountabs - zo 
Bisset's Sport in Africa 9, 25 
Blackstone's 0)mments - 20 
Blunt's Works • - 15 
— (Lady A ), Bedouins, 

&C. - - - - zo 
Bcnrrow's Works - xi, 22 
Boswell's Johnson - 7 

Brewer's Studies 4, 5, 22, 27 
British Association - z6 
Brunch's Egypt - - 3 
Bunbury's (jeography - zx 
Burbidge's Borneo zo, Z7 

Burckhardt's Qcerone X2, X9 
Bum's Nav. & Mil. Terms 24 
Burrows' Constitution - 20 
Buttmann's Works - 29 
Buxton's Memoirs, &c. - 6 
Buxton's Political Handblc 20 
Byles on Religion - • Z5 
Byron's Life - - - 7 
^— Poetical Works - 23 

Campbell's CHumcellors 
and (^hief-Justices - 8 

Life - . - 8 

Campbell's Napoleon - 7 
Carnarvon's Atnens - to 
— — Agamemnon - . - 23 
Cartwnght'sjesuits 4, z6 
Cathedral (The) - - Z5 
Cathedrals of England z, 4, 19 
Cesnola's Cyprus • zo^ z8 
Chaplin's Benedicite - x6 
Chisnolm's Polar Seas • zz 
Choice of a Dwelling 20^ 25 
Church and the Age - Z5 



Chorion's Poetical Works 93 

Classic Preachers - - 25 

Clode's Military Forces 24 

Martial Law - - 20 

Coleridge's Table-Talk - 22 

Cookery - - - 95 

Cake's Sketches - - >9 

C^k's Sermons - - z6 

Crabbe's Life and Works 93 

Crawford's Argo - - 23 

Cripps on Plate - - z8 

Croker's Ceo^phjr - 99 

Crowe's Flemish Painters Z9 

Painting in Italy - Z9 

Titian - - - 7» «9 

Cumming|s South Africa 9, 25 

Currie, Divinity of (Christ Z5 

Curzon's Monasteries - zo 

Curtius' Works - - 92 

Cust's Annals of the Wars 24 

Darwin's Works - - Z7 

(Erasmus), Life - 8 

Davy's (insolations - 2z 

Salmonia - - 95 

De Cosson's Blue Nile - 9 

Dennis' Etruria - - Z9 

Dent's Sudeley - - 5 

Derby's Homer - - 23 

Derry's Hampton - - x5 

Deutsch's Talmud • 2x 

Dilke's Piq>ers of a Critic 22 
Douglas's Gunnery and 

Bridges - - - 24 

I^rse-Shoeing - 25 

Ducange's Dictionary - ax 

Du Chaillu's Africa - 9 

Midnieht Sun - zx 

Dufferin's High Latitudes zx 



Speeches. &c. 
Duncan's Artillery 

English in Spain 

Dfirer, Albert 

Eastlakb's Essays 
Eldon's Life - 
Elffin's Letters 
Ellis's Madagascar 

Memoir - 

Ellis's Catullus 
Elphinstone's India 
Elphinstone's Turning 
Elton's Eastern Africa 
Elze's Byron - 
English in Spain - 
Essays on (^thedrals 



20, 22 
S, a4 

7.19 



7 
9 
6 

as 
5 

X7 

9 

7 

5»24 

x5 



Fergusson's Architec- 
tural Works 
Forbes' Burma 
Forsyth's Hortensius 

Novels and Novelists 2x 

Fobs' Biographia Turidica 8 
Frere's India ana Africa 9z 
Deccan Days - - 99 

Galton's Art of Travel xx 

Geographical Journal - zz 

Georges Mosel & Loire zz 

V Gibbon's Roman Empire 3, 97 



•I 



(liffiurd's Naval Deeds 
Gill's Ascension - 

River of (Golden 

Gladstone's Rome. - 

Assays - 

Gleig's Waterloo - 

^Washington - 

Glynne's Churches 
(Goldsmith's Works 
Gomm's Life - 
(Jre/s Wm. IVth - 
Grate's Histories - 

Works - - 

Life - - 

Mrs. 



• \% 

8 
- z6 

90^ 99 

5 
5 

19 
93 

\ 

3 

90v 9Z 
7 

7 

4 
4 



1 

Z9,X4 
9Z 

'I 

a4 
7 

ZZ 



Hallam's England 

Middle Ages - 

Literary History 

(Arthur), Remams 

Hall's English Gramma 

First Latin Book 

Hamilton's Rheinsberg 
Handbooksfor Travellers 
Hatch's Aristotle - 
Hatherley on Scripture 
Hayward's Statesmen 
Head's Engineer - 

Burgoyne 

Bubbles from Nassau 

Stokers and Pokers 99 

Heber's Poetical Works zs, 93 
Henries' Life - - o 

Herschel's Memoir - 8 
Hallway's Norway - zz 
Home and Colonial Library 30 
Homer's Iliad. Od3r»sey 93 
Hook's (Thurcn Dictionary Z4 
Hook's (Theodore) Life 6 
Hope's (B.) Worship - z6 
Houghton's Monoeraphs 6 

Poetical Works - 93 

Houstoun's Wild West - zz 
Hutchinson's Do^-Brealdng 95 
Hutton's Prindpia Graeca 99 
Jameson's ItaL Painters 7, Z9 
Jenninn' Field Paths and 
Rambles - - zx, 99 

!er vis's G.-nnirnii Church 4, zs 
esst'F Gleaning* - - Z7 
eX'Blake's Sermons - zo 
chnson f {Dr^ ) Life 7 

ulian'i Dicdofuvry of 
Hyrnnology - - Z4 

Jl.I. •' !!.-'.n\I writing - 99 
Kerr's Country House 'so, 95 
King Edward Vlth's 

Grammars - - - 99 
Kirk's Charies the Bokl 4 
Kirkes' Physiology - zy 
Kugler's Italian Schools Z9 
German Schools - Z9 

Lane's Modem Egyptians, 

L.w«nc^.R«um«xoc,*? 
lAyard's Nineveh - * 9 
Leathes' Heb. (grammar 99 
Leslie's Hbk. for Painters Z9 
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Index. 



I^evi's British Commerce ax 
Lex Salica - - - az 
Liddell's Rome - - 3» a? 
Lispings from Low lati- 
tudes - ... 33 
LitUe Arthur's England 37 
Livingstone's Travels - 9 
— — Life ... 5 
Livingstonia ... 9 
Loch^ China . . 5 

Lockhart's Spanish Ballads 93 
Loudon's Gardening -> as 
LyeU's Works . . x8 

Life ... 8 

LyeU's Handbook of Ferns x^ 
Lytton's Julian Fane - 6 

M'Clintock's Arctic Seas xx 
Macdougall's Warfare - 24 
Macgregor's Rob Roy . xo 
Madras, LeUers from • 8 
Mahon's BeUsarius . 7 
Maine's (Sir H. S.) Woiks ax 
Malcolm's Persia -.10 
Mansel's Lectures - . ax 
— — Bampton Lectures - 15 

Letters, Reviews, &c. ax 

Marco Polo's Travels > 8 
Markham's Histories - 37 

(C. R.), Cinchona - as 

Marryat's Potteiy - - x8 
Masters in Theology > 15 
Matthias's Greek Gram. 39 
Mayo's Sport in Abyssinia 9, 35 
Meade's New Zealand - xo 
Melville's Typee and Omoo xo 
Meredith's New So. Wales 10 
Michel Angelo > ' 7* 19 
Middleton's Rembrandt 19 
Millington's Land of Ham 14 
Milman's Histories . 4, xo 

St. Paul's - . J, 14 

Christianity - - 4, x6 

Latin Christianity - 4, X4 

Fall of Jerusalem - 33 

" Horace - " * 7» 93 

(Bishop), Life of - 6 

Mivart's Essays - - 17 

The Cat . - ^^ 

Moore's Life of Byron - 7 
Moresby's New Guinea 10 
Mossman's Japan - - 8 
MotleVs Histories - 4 

Bameveld - - 4, 6 

Mounsey's Satsuma Rebel- 

hon .... 8 
Mozley's Predestination 15 
Muirhead's Vaux-de-Vixe 33 
Murchison's Siluria - x8 

Memoirs - . g 

Music and Dress - . 3^ 
Musters' Patagonians - xx 

Napibr's English Battles 5 
Nautical Almanack • 34 
Navy List - - - 24 
New TesUment - - X4 
Newth's Works on Science x6 
Nicholls, Sir G., Poor Laws ai 
Nicolas' Historic Peerage 5 
Nile Gleanings (Stuart) 3, 9, x8 
Nimrod - - . - - 25 
Nordhoff' s Commuuistic 

Societies - - xx, ao 
Northcotes's Note-Book 5 



Owen's Modem Artillery 34 
Oxenham's Latin Elegiacs 39 

Pacbt's Crimea - - 34 

Palerave's Taxation - ax 

Palliser's Monuments - 3a 

Paricyns* Abyssinia . 9 

Peel's Memoirs - - 6 

Percy's Metallurgy - x6 

Perry's St. Hugh - - 6 

Philhp's Literary Essays 33 

Philosophy in Sport - x6 

Pollock's Family Prayers 14 

Pope's Works - - 33 

Porter's Damascus • xo 

Prayer-Book - -^ - X4 

Privy Council Judgments 3x 

Puss in Boots ... 99 

Quarterly Review - ax 

Rab's Barbary . . g 

White Sea - - xi 

Rassam's Abyssinia . 9 

Rawiinson's Herodotus 3 

Ancient Monarchies 3 

Russia in the East xo, ao 

Redcliffe (Lord S. de). East- 
em Question - - ao 
Reed's Shipbuilding, &c. 16 

Japan . - . g 

Rejected Addresses - 33 
Reynold's Life - - 7 
Ricardo's Works - - ax 
Robertson's Church His- 
tory - - - 4, ,5 
Robson's School Archi- 
tecture - - - ao 
Robinson's Palestine xo, 15 

Physical Geography x8 

(W.X Alpine Flowers 35 

Sub-Tropical Garden 35 

Wild Garden - - 35 

Rochester's (Bp.) Chaige, 

x88x - ... 15 
Rowland's Constitution ao 
Laws of Nature - ao 

St. Jaubs* Lectures - xs 
St. John's Wild Sports - 35 

Libyan Desert - 9 

Saldanha's Memoirs - 7 
Sale's Brigade in Afghan- 
istan - - - - 5 
Scepticism in Geology - x8 
Schliemann's Troy and 

Mycenae - - 9, x8 

Schomberg's Odyssey - 33 
School and Prize Books - 39 
Scott's Architecture - 19 
Seebohm's Siberia - xx, X7 
Selbome on the Litui^gy 4, 15 
Shadows of Sick Room - xs 
Simmons' Court-Martial ao 
Smiles' Popular Biographies 
and Works 

Smith (Dr. G.), Geography 

of India ... 8 
Smith (P.) Ancient History 3,4 
Smith's (Dr. Wm.) Diction- 
aries 3, 4, 6, 7, XX, x4, 36 

Ancient Atlas 11, 30 

— Educational Course 3, 38 

Smaller Histories x6, a6 

Somerville's Life - - 8 



Somerville's Physical Sciences. 
&C. - - - x6» x8 
Sottth's Household Sqr- 

%^irf - - - 17, 2^ 
Suei,i Madame de - . fr 
Stanhope's Histories - 5 

Pfe ... 6 

Miscellanies - - aa 

— Retreat from Mos- 
cow - - ' ^^» 
Stanley's Sinai - - xo 

Bible in Holj; Land 10 

^— Eastern, Jewish, and 

Scottish Church - - 4, x6 

4 

5 

x6 

z6 

x6 

6 

x6 

IS 



Canterbury - 

Westminster Abbey 

Sermons in East • 

at Westminster 



the Beatitudes 

Arnold ... 

Corinthians - 

Christian Institutions 

Stevens's Madame de Sta£l 6 
Stephens's Chrysostom - 6 
Stories for Children • 29 
Street's Architectural Works 10 
Stuart's Nile - • 3, 9, x8 
Student's Manuals 4 14, 36, 38 
Sumner's Life • - 6 
Swainson's Creeds - xc 

Swift's Life - - . 7 
Sybel's French Revolution 5 
Symonds' Records of the 
Rocks- . . . t8 

Temple's India - • 8, 3x 
Thibaut's Musical Art xg 

Thielmann's Caucasus - xo 
Thomson's Sermons 15, x6 
Titian's Life and Times 7, X9 
Tocaueville's France - 5 
Tomlinson's Sonnet - 23 
Tozer's Turkey & Greece xo 
Tristram's Land of Moab xo 

Great Sahara - - 

Truro (Bp. of X The Cadie- 

dral, &C. - - . X5 
Turkey, Lady^s Life in - xo 
Tylor's Primitive Culture ax 
Tylor's Hist, of Mankind ax 

Van Lbnnep's Asia Minor 9 

Bible Lands - - X5 

Vatican Council - - 16 
Virchow's Freedom of 
Science . . . i^ 

Wage's Gospel and its 

Witnesses - - • 14 
Weigall's Princess Char^ 

lotte .... - 6 
Wellington's Despatches 5, 24 
White's Naval Axxrhitecture 24 
Whymper's Matterhom - xz 
Wilbenorce's Life - - 6 
3 

(Dr. JohnX Life of \ 
Wilson's Michel Angelo - 7, xo 
Wood's Oxus - - - I 
Words of Human Wisdom aa 

Young's Nyassa - . 9 
Yule's Marco Polo - - 8 
(A.F.XCrete- - at 



Wilkinson's Egyptians 
Wilson's Life and Dia 
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